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INTRODUCTION. 



THIS book was not written because the writer 
believed there was any scarcity of books on the 
locomotive in the market, but because he was aware 
that most of the works on that subject were written 
by authors who did not Ailly comprehend the wants 
of those for whom they were intended ; for what use 
are long mathematical problems or entangling for- 
mulas to those who do not fully understand them ? 
Comparatively few engineers are good mathemati- 
cians ; and perhaps it is just as well that they are 
not, because it is well known that nature rarely com- 
bines high mathematical talent with tact, practical 
observation, and energy — qualifications so essential to 
the successful engineer. 

It has been heretofore a common custom with men 
who wrote books on the locomotive to embody in 
them lengthy descriptions of stationary and marine 
engines; but the writer of this work has avoided 
everything not directly connected with the locomo- 
tive engine, because he believes that a book, in a 
certain sense, is like a clock — any complication of 
its machinery has a tendency to impair its usefulness 
and effect its reliability. K men having charge of 
locomotive engines desire to inform themselves o^ 
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other branches of engineering, they can do so at a 
▼erj small expenditure of time and money. 

The writer has had an experience of over thirty 
years with all classes of steam-engines and boilers, 
and in the preparation of this little book his aim 
haa been to convey his meaning by means of plain 
language, with familiar and practical illiistrationa 
for the instruction of those who are intrusted with 
the care and management of locomotive engines and 
boilers. The range of subjects comprehends every- 
thing directly connected with the locomotive engine 
and boiler. To most of the articles, tables have been 
appended and examples introduced to make the sub- 
jects treated upon more forcible and distinct 

In that part of the woiic devoted to the " Theory 
of the Locomotive," the writer has. endeavored to 
call the attention of the young engineer to the study 
of the constituent elements of water, air, heat, com- 
bustion, steam, etc., so that in after years he may be 
able to determine with accuracy whether he is de- 
riving the greatest amount of practical advantage 
from the several quantities of impulsive power those 
elements may be capable of supplying. 

The author cheerfully admits that the work pos- 
sesses no literary merit, and he disclaims any attempt 
at fine writing, but he hopes that the work will be 
found to possess at least the merit of being plain Imd 
correct ; and, in short, he trusts that it will be found 
what he has endeavored to make it — a pbactical 
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THE LOGOHOnVK 

THE history of this most remarkable machine, 
now so necessary to the daily wants and com- 
mercial interests of the civilized world, had its use- 
ful commencement about forty years ago, and yet 
much that is exceedingly interesting in tne detail of 
its early introduction and improvement is unknown 
to the present generation. 

That the locomotive and the railway would super- 
sede the steamboat for passenger travel, and the canal 
and turnpike road for heavy transportation, was not 
to be thought of in the early days of the new power. 
It was true the river, the canal, and the turnpike road 
had done good service in the past, but they did not 
keep pace with the growing wants of the country. 

The river, nature's own free highway, is, when 
navigable, often hindered by flood, frost, and by 
drought, nor did it run everywhere, or always where 
it would best conduce to man's use and benefit. The 
alow, plodding canal did its work cheapVy, «jidL«^' 
2* B VI 
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nothing better, it must have continued the fitvorite 
means for inland trade. But canals are only possible 
where water can be had in Abundance to keep them 
foil ; and with winter's cold to interrupt their move- 
ments, they are practically useless for half the year. 
Their capacity, at best, is limited in many ways. 

The turnpike road, very good in its place, had a 
very narrow limit of usefulness, when the means to 
do the carrying trade of a continent were to be at- 
tained. Man's restless nature longed for and de- 
manded something better than the river, the canal, 
or the turnpike road ; and this has been found in 
the railroad and the locomotive. 

The railroad and the locomotive have already 
united the Atlantic and the Pacific shores, climbing 
the Sierras and winding their tortuous course down 
their slopes, dropping, as though it were, villages, 
towns, and cities in their path. What is true of this 
country, as regards the railroad and locomotive, is 
also true of other lands, for to-day the locomotive 
is thundering under the Alps and Apennines, across 
the plains of Russia, eastward to Siberia, down the 
Danube, froni central Europe to Constantinople, and 
from Smyrna to Ephesus, rushing onward to the 
Euphrates ; and before long the scream of the loco- 
motive will be heard on the banks of that river, join- 
ing the network of European railways with ^he web 
already spun in India — • reaching from the Indus to 
«" '*-om Bombay to Burmah, from the Hima' 
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iayas to Madras, across the desert and up the Nile 
to the borders of Nubia. 

Nations which, a few years ago, were far away from 
each other, are now comparatively near neighbors. 
The barriers of superstition and caste have been bro- 
ken down, the prejudice and manners of years rev- 
olutionized, mountains scaled, uninhabitable plains 
spanned, and vast territories opened up for human 
habitations which, without the locomotive and the 
railroad, must have been forever closed against civ- 
ilization. Suppose there had been no such facilities 
for intercourse, how much of thought, knowledge, 
and opinion of civilization would we have in com- 
mon with other nations, or even the remote sections 
of our own country ? The whole history of scientific 
achievements presents nothing more wonderful than 
the results produced by these two mighty agents of 
civilization. 

The progress of the locomotive and the railroad is 
indeed one of the marvels of history. 

Forty years ago, the locomotive and the railroad 
were almost unknown. Before that time, travellers 
toiled over mountains and valleys in slow, creeping 
coaches, making less than one hundred miles a day ; 
but now they fly across the continent, a distance of 
8,500 miler, in less than a week. 
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LOCOMOTIVE ENGINEERS. 

The duties of locomotive engineers are of a very 
im^iortaDt character, as they are not only intrusted 
with the pi operty of their employers, but, to a certain 
extent, the lives of every passenger on their trains, 
and even the passers-by ; and when we consider the 
immense number of people that are transported every 
day, and the small number of accidents which be&ll 
travellers, it will be seen how worthy they are of the 
trust reposed in them. One may point to the nu- 
merous railway accidents that cause such great 
slaughter. But on examination, how very few of all 
these terrible casualties are from the ^Eiult of the 
engineer. They are not to blame for broken rails, 
misplaced switches, or rotten bridges which send the 
cars and their occupants whirling down embank- 
ments; they are not to blame for the trains that 
oome rushing like the wind into them, while they 
have the right of way. 

It is no uncommon thing to read instances of hero- 
ism in which engineers have stood to their postB in 
tBLce of death ; and many have been crushed under 
their own machines who might have saved their lives 
if they had not bravely adhered to their places, and 
did their duty to the last. Thousands of cases might 
be cited to show the bravery and heroism with which 
engineers have acted while standing, as it were, on 
tbe brink ol eternity, which^ if seen on t\i<& \mM&* 
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field, or on the quarter-deck of a steamer, would 
have called forth universal applause. 

" No soldier in the battle's shock needs more to cast out feax, 
And hold his soul firm as a rock, than does an engineer ; 
And he who might from the battle flee, or yield his soul to fear, 
Hight still perhaps a warrior be, but never an engineer/' 

• 

The heroism that deliberately accepts positions of 
danger when its appreciation by others is not mani- 
fested, can hardly be accounted for on the supposition 
of its accompanying excitement ; the incentive seems 
to be disproportioned to the responsibilities. In cases 
where the performer knows that the community looks 
on approvingly and wonderingly, as in the case of 
the fireman who risks his own life to save that of 
another, or the soldier who exposes himself to hostile 
bullets, it is easy to understand the impelling motive. 
But in such a case as that of the locomotive engineer, 
whose importance is scarcely recognized, and whose 
labors and risks are seldom fully appreciated, it 
would seem that a noble sense of duty and a heroio 
sentiment of self-denial must be the impelling cause 
for following so dangerous a profession. 

It is almost an every-day occurrence for passengers 
on steamships, after arriving safely in port, to assemble 
and pass complimentary resolutions to the fidelity 
and watchfulness of the captain, although the dis- 
charge of the duties that devolve on him did not 
involve the exercise of either bravery or heroism 
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Btit who ever read of the passengers on a railway 
train assembling in a depot, and passing complimen* 
tary resolutions to the engineer that carried them 
safely to their homes, or to the end of their journey ? 
Kor does he seem to have any considerate human 
sympathy as he stands on his foot-board and guides 
the ponderous engine through rocky defiles, over 
trestle-work, culvert, and bridge, around the edge 
of a mountain spur, through the streets of a town, 
frequently in darkness. 

Like a soldier begrimed in battle's dark strife, 
And brave to the cannon's hot brealli, 

He too plunges on, with his long train of life. 
Unmindful of danger and death. 

Although the love of excitement, or the gratifica- 
tion of daring danger, may influence some who seek 
the position of a locomotive engineer, yet it is not so 
with all the responsibilities assumed. The dangers 
and exposures to be encountered deserve a more 
generous recognition than they generally receive. 
But when the time shall come that labor will occupy 
its proper position, and the mechanic stand at the head 
of the useful professions, the locomotive engineer will 
fill no second-rate niche. He stands even to-day 
above his brother mechanics, inasmuch as qualities 
of mind not requisite in the shop are absolutely 
neoessary to success in his vocation^ 



24 HAND-BOOK OF THB LOCOMOnVB. 

THEORT OF THE LOGOMOHVR 
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WATER. 

Pure water in nature does not exist, nor is it to 
be found intthe laboratory of the cbemist. For- 
tuoately, however, it happens that pure water is not 
naceeasLTj, or even desirable, for household or manu- 
fecturing purposes. The presence of air or other 
gitses adds greatly to the ease with which steam 
may be generated; the ammonia that is present 
in most water improves it for manufacturing pur- 
poses, and i^has been abundantly proved that the 
salts which are present in most well-waters add 
greatly to their wholesomeness. 

But at the same time it must be remembered that 
some waters contain impurities which render them 
unfit for use. Of these various impurities the in- 
soluble portion is in general the least injurious, 
though it is frequently the most offensive. 

Water swarming with minute animalcules, or tur- 
bid with the clay and sand that has been stirred up 
fipoui the bed of some stream, may be offensive 
though it is not dangerous ; while, on the other hand, 
water may be beautifully clear to the eye and not 
very offensive to the taste, and yet hold in solution 
the most deadly poison, in the form of dissolved 
MltB or the soluble portions of animal excr^^ta. 
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Ii also happens that these insoluble matters are 
easily and cheaply removed, while the utmost care 
is required to free water from matter which exists in 
a dissolved state. 

The Composition of Water. — Pure water is com- 
posed of the two gases, hydrogen and oxygen, in the 
proportions of 2 measures of hydrogen to 1 of oxygen, 
or, 1 weight of hydrogen to 8 of oxygen ; or, oxygen 
89 parts by weiglit, and by measure 1 part, hydio- 
gen, by weight, 11 parts, and by measure 2 parts. 

The specific gravity of all waters is not the samo. 
The following table will show the specific gravity of 
difierent seas. 



Water from the Dead Sea 


Weftit 

of water 

being 1000 


Weight of 
an impe- 
rial gallon 
in pounds. 


1240 
1029 
1028 
1015 


12.4 
10.3 

10.2 
10.2 


" " Mediterranean 

" " Irish Channel 

" " Baltic Sea 



For the production of steam all waters are not 
equal. Water holding salt in solution, earth, sand 
or mud in suspension, requires a higher temperature 
t/o produce steam of the same elastic force than that 
generated from pure water. 

Water, like all other fluids and gases, expands with 
heat and contracts with cold down to 39^ Fah. 

K water be boiled in an open vessel it is impossible 
'^se the temperature above 212° Fah., as all the 
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■orplus Heat which may be applied passes off with 
the steam. 

If heat be applied to the top of a vessel, ebullition 
will not take place, as very little heat would be com- 
municated to other parts of the vessel, and the water 
would not boil. 

Ebullition, or boiling of water or other liquids, is 
effected by the communication of heat through the 
separation of their particles. 

The evaporation of water is the conversion of 
water as a liquid into steam as a vapor. 

Latent Heat of Fusion. — If a pound of ice at 
32° Fah. be mixed with a pound of water at 174°, 
the water will gradually dissolve the ice, being just 
sufficient for that purpose, and the residuum will be 
two pounds of water at 32° Fah. 

The 142° units of heat which are apparently lost 
having been employed in performing a certain 
amount of work, i. e.,* in melting the ice or separat- 
ing the molecules and giving them another shape, 
and as all work requires a supply of heat to do it, 
these 142° units have been consumed in performing 
the work necessary to melt the ice. 

Therefore, if the pound of water were reconverted 
into ice, it would have to be deprived of 142° of 
heat Hence we see why the lost heat is called latent 
heat, that is, heat n( t shown by the thermometer. 

* ». €., that is. 
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Suppose that we have a pound of ice, at a tern* 
perature of 82^ Fah., and that we mix it with a 
pound of water at 212^, the ice will be melted and 
we shall have two pounds of water at a temperature 
of 61°. 

Now, if we take a pound of water at a temperature 
of 82° and mix it with a pound of water at 212°, 
the resulting mixture of the two pounds will have 
a temperature of 122°. Hence we see that the ice, 
in melting, has absorbed enough heat to raise two 
pounds of water through a temperature of 122° — 61® 
= 71°, or one pound through 142° j and we say that 
the latent heat of the liquefaction of water is 142°. 

The latent heat of the evaporation of water can 
be determined in a similar manner by condensing a 
pound of steam at 212° Fah. with a given weight of 
water at a known temperature, and also by mixing a 
pound of water at a temperature of 212® Fah. with 
the same amount of water as was employed in the 
case of the steam, and observing the difference of 
temperature of the resulting mixtures. 

Thus, a pound of water at 212° mixed with tea 
pounds at 60° gives eleven pounds at 74®. A pound 
of steam at 212° mixed with ten pounds of water at 
60® gives eleven pounds of water at 162°. In other 
words, the steam on being condensed has given out 
heat (which was not previously sensible to the ther^ 
mometer) enough to raise eleven pounds of water 
fckw^iigh a temperature of 162° less 74° equals 88®, 
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or onj pound through 968°, and we say that the 
latent heat of steain is 968°. Other authorities give 
965°, 966°. 

If a pound of mercury and a pound of water be 
heated to the same temperature and allowed to cool, 
it will be found that the mercury cools 30 times as 
fast as the water ; hence we say that the specific heat 
of mercury is about one-thirtieth that of water. 

The boiling-point of water is that temperature at 
which the tension of its vapor exactly balances the 
pressure of the atmosphere. But the temperature at 
which the ebullition of water begins depends upon the 
elasticity of the air or other pressure. 

At the level of the sea, the barometer standing at 
29.905 (or nearly 30) inches of mercury, water will 
boil at 212° Fah. ; but the higher we ascend above the 
level of the sea, the more the boiling-point diminishes. 

Water attains its greatest density at 39° Fah., or 
7^ above freezing. 

Water presses equally in every direction, finds its 
own level, and can be compressed yj^ of an inch in 
every 40,000 feet by each atmosphere or pressure of 
15 pounds to the square inch of pressure applied ; 
])ut when the pressure is removed, its elasticity re- 
stores it to its original bulk. 

Water becomes solid and crystallized as ice o^/ing 
to the abstracting of its heat. 

The force of expansion exerted by water in the act 
of fireezing has been found irresistible in all mechaa* 
ical experiments to prevent it. 
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Water in a vacuum boils at about 98 degrecf Fab- 
renheit, and assumes a solid at 82 degrees in the at- 
mosphere, when it expands j^ its original bulk. 

Water, after being long kept boiling, affords an ice 
more solid, and with fewer air bubbles, than that 
which is formed from unboiled water. 

Pure water, kept for a long time in vacuo, and 
afterwards frozen there, freezes much sooner than 
common water exposed to the same degree of cold io 
the open atmosphere. 

loe formed of water thus divested of its air, is 
much more hard, solid, heavy, and transparent than 
common ice. 

Ice, after it is formed, continues to expand by 
decrease of temperature ; to which fact is probably 
attributable the occasional splitting and breaking up 
of the ice on ponds, etc. 

A cubic foot of water weighs 62} pounds ; a cubic 
foot of ice weighs 57.5 pounds. It follows that ice m 
nearly one-twelfth lighter than water. 

Now, if heat be applied to ice, the temperature of 
which is below freezing, the temperature will soon 
rise to 32° or freezing, but any further application of 
heat cannot increase the temperature of the ice until 
the w^hole mass is melted. 

The specific gravity of ice is .92, and specific 
gravity of water is 1. 000 — water being the standard 
by which to obtain the specific gravity of all solida, 
fluids, and even ^ases. Though air is sometimei 
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used ad a standard for gases, water is more commonlj 
used. 

The specific gravity of water is the. comparative 
weight of a given bulk of water to the same bulk of 
any other liquid. Thus, if we take equal measures 
of the several different liquids, we shall find that they 
possess very different weights. 

The weight of a pint of water, a pint of oil, and a 
pint of mercury will differ v«^ry materially. The 
mercury will weigh 18.6 times more than water does, 
and the water will weigh a good deal more than the 
oil. 

TABLE 
SHOWING THE WEIGHT OF WATEB. 



1 


Cabic inch is 


equal 


to .036 


pounds. 


12 


Cubic inches 


« 


.432 


i( 


1 


Cubic foot 


«< 


62.5 


<( 


1 


Cubic foot 


if 


7.50 


U. S. gallons. 


1.S 


Cubic foot 


<i 


112.00 


pounds. 


85.8 


Cubic feet 


« 


2240.00 


« 


1 


Cylindrical inch 


ii 


.02827 


u 


12 


Cylindrical inches 


u 


.339 


u 


1 


Cylindrical foot 


•« 


49.08 


4( 


1 


Cylindrical foot 


l< 


6.00 


U. S. gaLons. 


2.282 


1 Cylindrical feet 


1* 


112.00 


pounds. 


15.64 


Cylindrical feet 


tt 


2240.00 


« 


11.2 


Imperial gallons 


M 


112.00 


<c 


xM 


Imperial gallons 


(( 


2240.00 


tt 


18.44 


U. S. gallons 


M 


112.00 


V 


M8.8 


U. S. gallons 


tt 


2240.00 


tt 
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TABLK 

SHOWING THB WEIGHT OF WATER AT DnTPKBXHl 

TEMPEBATURBS. 



' TeiDperntnre 


Weight of a Cubic 


Temperature 


WflightofaCiibiB 


1 Fahrenheit 

1 


Foot in Pounds. 


Fahrenheit 


Foot in FtonndiL 


40° 


62.408 


172° 


60.72 


42° 


62.406 


182° 


60.5 


62° 


62.377 


192° 


60.28 


62° 


62.321 


202° 


60.05 


72° 


62.25 


212° 


59.82 


82° 


62.15 


230° 


59.37 


92° 


62.04 


250° 


58.85 


102° 


61.92 


275° 


58.17 


112° 


61.78 


800° 


57.42 


122° 


61.63 


350° 


55.94 


132° 


61.47 


400° 


54.34 


142° 


61.30 


450° 


62.70 


152° 


61.11 


500° 


51.02 


162° 


60.92 


600° 


47.64 



Water attains a minimum volume and a maximum 
density at 39^ Fah. ; any departure from that tem- 
perature in either direction is accompanied by ex- 
pansion, so that S° or 10° of cold produces about the 
same amount of expansion as 8° or 10° of heat 



ANALYSIS OF WATER TAKEN FROM BIX DIFFERKHT 

Chlnride sodium, 9.162 grains iu a gallon. 
Carbi^uate lirae, 7.103 " 
Carl»rtnate maime»a, 3.027 " 
Sulphate lime, alamina, lithia, a trace of eaeh. 
Chloride sodiam, 9.087 grains in a gallon. 
wiionate lime, 5.532 



M 



(f 



(( 



M 



U 



cc 
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TABLE 

SHOWING THE BOILINO-POINT OF FBESH WATER AT 
DIFFERENT ALTITUDES ABOVE SEA-LEYEL. 



BoUing 
point 

in deg. 
Fab. 


Altitude 


BoUing 
point 

in deg. 
Fah. 


Altitude 


BoUing 
point 

in deg.' 
Fah. 


Altitude 


above sea- 


above sea- 


above sea- 


level in feet 


level in feet 


level in feet. 


184° 


15221 


1^5° 


9031 


206° 


3115 


185 


14649 


196 


8481 


207 


2589 


186 


14075 


•197 


7932 


208 


2063 


187 


13498 


198 


, 7381 


209 


1589 


188 


12934 


199 


6843 


210 


1025 


189 


12367 


200 


6304 


211 


512 


190 


11799 


201 


57(54 


212 


sea-level— 


191 


11243 


202 


5225 






192 


10685 


203 


4697 


Below sea-level. 


193 


10127 


204 


4169 


218° 


511 


194 


9579 


205 


3642 







AIR. 

The atmosphere is known to extend at least 45 
miles above the earth. 

Its composition is about 79 measures of nitrogen 
gas and 21 of oxygen ; or in other words, air consists 
of, by volume, oxygen 21 parts, nitrogen 79 parts ; 
by weight, oxygen 77 parts, nitrogen 23 parts. 

According to Dr. Prout, 100 cubic inches of air at 
the surface of the earth, when the barometer stands 
at 30 inches, and at a temperature of 60^ Fah., 
weighs about 31 grains, being thus about 815 times 
lighter than water, and 11,065 times lighter tb' 
rnercmj. 
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Smce the air of the jarndsphere b po ii i wM B Ci d of 
weight, it must lie eviiieni liua a cuhie ibot of air «i 
the surface of the eanh has lo siuppt>n ihe woigfat of 
all the tar diKi^Uy al>ov\e ii. az>ii ihai^ therefiyre, the 
higher we asonid up in the aiaK^phers the lighter 
will be tlie cubic foot of air, or in other wuids^ the 
fiirlher from the sur&ce ca the eanh, the les will be 
the density of the air. 

At the height of thx^e and a half miles it mm known 
that the atmospheric air is only half as dense as it ii 
at the surface of the earth. 

From the natun^ of duids« ii follows, ihat the air 
of the atmosphere prt^Etse? agahisi anj hodj whidi 
comes into contact with it : because duids exert pres- 
sure in all directions^ — upwards, downwaids. ade- 
wise, and oblique. 

It is also known that the pres&uie on anj pcHot ii 
equal to the weight of all the panicle? of the fluid 
in a perpendicular line between the point in cnmaii 
and the surface of the fluid. 

The amount of pressure of a column of air 
whoa« base is one square fi.x>t, and altitude the 
height of the atmosphere, has been found to be 2156 
pc/uii'is avoirdupois, or verv nearlv 15 poanda of 
finArsure on ererr square inch : consequoitly, ii ii 
oozDibCi& to state the pressure of the atmoBpheiw •■ 
*4 Uj 1-> pounds on the square inch. 

r guwQS bodj or vapor, such as steam, 
« cqairaknt to 15 pounds on the 
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Inch, then the force of that vapor is said to be equal 
to one atmosphere; if the vapor be equal to 30 
pounds on every square inch, then it is equal to two 
sitmospheres, and so on. Consequently, the atmos- 
)heric pressure is capable of supporting about 80 
Dches of mercury, or a column of water 34 feet high. 

It is also found that the pressure of the atmosphere 
B not constant even at the same place ; at the equator, 
the pressure is nearly constant, but is subject to 
greater change in the high latitudes. 

In some countries the pressure of the atmosphere 
varies so much as to support a column of mercury so 
low as 28 inches, and at other times so high as 31, 
the mean being 29.5, thus making the average pres- 
sure between 14 and 15 pounds on the square inch. 
But in scientific books, generally, the pressure is 
understood in round numbers to be 15 pounds, so 
that a pressure exerted equal to 1,2, 3, 4, etc., atmos- 
pheres, means such a pressure as would support 30, 
60, 90, 120, etc., inches of mercury in a perpendicular 
column, or 15, 30, 45, 60, etc., pounds on every square 
inch. 

Alp is a very slow conductor of heat, and is some- 
times used as a non-conductor in hollow walls to 
prevent the radiation of heat. 

The pressure of the air differs at different lati- 
tudes; for instance, at 7 miles above the surface 
of the earth the air is four times lighter than it if< at 
the earth's surface ; at 14 miles it is 16 times \ig|l[» 
and at 21 miie^ h Is 64 times lighter. 
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Under a preBBare of 5} tons to the square ind!, 
air becfrtoeB ns dense, and would wei^ as mach pci 
euim footy as water. 

The greatest heat of air in the son is about 140* 
Fah«, and it probably never exceeds 145^ Fah. 

If a given weight of air at 0^ Fah. be raised in 
temperature to 461 " Fah. under a constant ]»es8ure, 
it is expander! to twice its original volume ; and if 
heated from 0"" Fah. to twice 461^, or 922°, its origi- 
nal volume is trebled. 

One cubic foot of pure air at 62° Pah. and 14.7 
pounds per square inch pressure weighs .076097 
^Hiund, 1.217 ounces or 532.7 grains. 

Although the atmosphere may extend to the 
.^ight of 45 miles, yet its lower half is so compressed 
as to occupy only Si miles, so greatly do the upper 
portions expand when relieved from pressure. Hence, 
at the height of Si miles, the elasticity of the atmos- 
phere is |( ; at 7 miles, ^ ; at 10^ miles, | ; at 14 
miles, j's, etc. 

For the above reasons a pump in a higher re^oo 
will not lift water to as great a height as in a lower 
one. It is also stated that the temperature of the 
atmoH[)here lowers or becomes colder at the rate of 
1 "^ Vuli. for each 300 feet of ascent above the earth's 
Buriacc; but this is liable to many exceptions, and 
varies much with local (^auHesw 
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TABLE 

SHOWING THE EXPANSION OF AIB BY HEAT, AND THE I1VGBEA8B 
OF BULK IN PBOPOBTION TO INCBEASB OF TEMPEBATUBE. 



bru 


Qhoit. 
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Fahrenheit 




Bulk. 
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►.32 . 


Preezinff-pomt. 
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« 


37 


U 
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80 


44 
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« 


38 


U 
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U 


81 


44 


1112 


« 


39 


U 
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It 


82 


44 


1114 


« 


40 


M 


1021 


U 


83 


44 


1116 


M 


41 


U 


1023 


U 


84 


44 


1118 


« 


42 


•• 


1026 


U 


85 


44 


1121 


M 


43 


(( 


1027 


U 


88 


44 


1123 


M 


44 


M 


1030 


it 


87 


44 


1125 


a 


45 


M 


1032 


U 


^ 


44 


112b 


M 


46 


M 


1034 


ti 


89 


44 


1130 


M 


47 


a 


1036 


44 


90 


44 


1132 


a 


48 


M 


1038 


(4 


91 


44 


1134 


M 


49 


M 


1040 


44 


92 


44 


1136 


M 


50 


M 


1043 


44 


93 


44 


1138 


M 


51 


M 


1046 


(1 


94 


44 


1140 


M 


52 


it 


1047 


44 


95 


44 


1142 


M 


53 


U 
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(4 


96 Blood heat.... 


1144 
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54 


ti 
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4< 


97 


44 
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M 


55 
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. 1057 


44 


99 


44 


1150 


« 


67 


(1 
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44 
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44 


1162 
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44 
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« 


59 
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U 
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•C 
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U 
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83 


<4 
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84 


44 
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U 
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85 


44 
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44 
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U 
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«C 
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U 
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m 
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212 Water boils... 
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M 
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U 
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U 
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Resistance to Motion caused by the Atmosphere. 

— The resistance against a body moving in a fluid at 
rest is less than the resistance experienced by the 
same body placed at rest, in a fluid moving against 
it, which seems to denote that a fluid in motioQ 
leparates itself less easily than a fluid at rest. 

Thin plates meet with a greater resistance from 
the air than a prismatic body presenting the same 
surface, and the resistance diminishes according as 
the prism is longer. 

But if the ihoving body be a lengthened prism, the 
air in paissing along its sides loses a certain propor- 
tion of its velocity, and, consequently, on reaching 
the hind-face of the prism, extends itself behind it 
with a force partially diminished, consequently pro- 
ducing a partial vacuum. 

RESISTANCE OF AIR AGAINST RAILROAD 

TRAINS. 

To dispense with all calculation relative to the re- 
sistance of the air, the following table (pp. 40, 41) is 
subjoined to show its intensity for all velocities from 
5 to 35 miles per hour, and for surfaces of from 
10 to 100 square feet. 

Were it required to perform the calculation for a 
velocity not contained in the table, it would evidently 
suffice to seek the resistance corresponding to half that 
velocity, and to multiply the resistance found by 4. 
Or. on the contrary, to seek the resktance oone* 
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QK>nding to the double of the given velocity, and to 
take a quarter of the result. 

Tlie resistance of the air against a surface of 100 
square feet, at the velocity of 50 miles per hour, is 
equal to four times the resistance of the air against 
the same surface at 25 miles per hour. 

By means of the table in question will be oI> 
tained, without calculation, the resistance of the air 
expressed in pounds for any velocity of the moving 
lK)dy. But it must be understood that the table sup- 
poses the atmosphere to be at rest. 

If, then, there be a wind of some intensity, favor- 
able to the motion, or contrary to it, account must 
be taken of that, and in order to effect this, it will 
be necessary to observe that if the wind is opposed, 
tho train will move through the air with the velocity 
equal to the difference between its own absolute ve- 
locity and that of the wind. 

But if, on the contrary, the wind is favorable to the 
motioo, the effect of the velocity of the train through 
the air will be equal to the sum of its own velocity 
augmented by that of the wind. 

On such cases the velocity of the wind must be 
first measured by noting the time taken by some 
light body, such as paper, in traversing a space pre- 
viously measured on the ground. 

If lie wind, instead of being precisely contrary or 
fiivorable to the motion, should exert its action in 
an oblique direction, it would tend to displace all ^ 
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CUB laterallr, aod, uonsequently, from the e«miiMl 
form of the wheels, all those on the fitrther nda 
from the wind would turn on & different diunetor 
than those on the side towards the wind. 

The resistance produced will, therefore^ be the 
ume &a that which would take place on a corre ott 
which the effect of the ceDtrifiigal forces wen not 
corrected, and that resistance would neoessuilj be 
very considerable. 



raowis 


aTHBKBSUTAKCB 


OF AIB A 






V.lwiiv 


B..lll.n« 




rmfB»H(. 


Ui.rf-«rt««irfa«i'(»i| 














,unre/«(. »s 


»ff 






•?si= 


















'"""'■ 


20 IV 


M tU 


MtX 


Mft, 


60 ft. 


70 It 


^ 


BO ft.llMft. 


bIIh. 


Itw. 


ItM. 


II u. 


iba. 


IIm, 


lbs. 


Iba. 


lb,. 


IhT; IbT 




.07 




2 


3 


3 


4 


6 


6 


e 


7 




.10 


2 


3 


i 


e 


G 


7 


« 


9 


10 




.IS 


3 


4 


5 


7 




B 


11 


la 


13 




.17 


3 


5 


r 


s 


10 


12 


14 


Id 


17 




.23 


4 


7 




11 


13 


15 


17 


30 


33 


10 


.27 


G 


fi 


11 


13 


le 


IS 


22 


24 


37 


11 


.33 


7 


10 


13 


16 


20 


33 


26 


39 


33 


lli 


.SB 


8 


12 


15 


W 


23 


27 


31 


35 


3S 


13 


.16 


9 


14 


IS 


i!3 


27 


33 


36 


41 


4£ 




.fiS 


U 


IB 


31 


24 


32 


37 


42 


47 


63 


in 


.00 


13 


18 


24 


SO 


36 




48 


54 


00 


Ifl 


AiV 


14 


21 


ia 


U 


41 


■i6 


55 


ii 


«9 




.78 


w 


Si 


31 


3D 


47 


fl4 


63 


70 


78 




.H7 


17 


28 


S5 


44 


G2 


61 


70 


7B 


S7 




.117 


Ifi 


29 


39 


49 


&8 


6S 


78 


« 


97 


ai 


1.07 


22 


33 


43 


Bi 


65 


r^ 


8S 


AT 


107 


21 


1.11) 


24 


Ss 


47 


69 


71 


S3 


95 


107 


119 


i-j 


l.SO 


2fi 


39 


52 


65 


7S 


6i 


11)4 


117 


ISO 


11 


1.42 


S8 


43 


57 




S5 


100 


114 


128 


143 


M 


IJSfi 


91 


47 


03 


79 


93 


10^ 




140 IM 



HABI>-BOOX 0¥ THE LOOOIIOTITB, 



M 


H5 


ST.tato.5«art/K(,trtl, 


20 ft. 


Mft. 


ion. 


son. 


«.«. 


70 ft, 


soft. 


poft^aj 


25 
SW 
W 
28 
39 
80 
81 

38 
S4 

3fi 


llB- 

1.88 

3.11 

3.26 
2.42 
3.SS 
2.75 
2.B3 
3.11 
3.2B 


Iba. 
34 
3fi 
39 
43 
45 

62 

59 


lbs. 
50 
SH 
69 
63 

73 
77 
83 
IJS 

9» 


lbs. 

07 
73 
78 

90 
« 

103 
no 

117 

134 
132 


lbs. 
S4 

fll 

98 
106 
113 
121 
129 

as 

147 
lt3S 


lbs. 
101 

109 
US 
127 
138 

as 

Jo6 
166 
170 
167 
197 


11m. 
118 
127 
137 
148 
158 
lfl9 
IHl 
t93 
203 
21S 
230 


Ibi. 

134 

146 
157 

169 
I8i 

200 
220 
234 
240 
383 


lbs. 

l.'il 

IfH 
17« 
190 
203 
218 
2S2 

804 
280 
3B6 


Ibo. 
168 
182 
196 
2tl 
220 
242 
258 
276 
293 
311 
329 1 



Rvle to calculate Beautance of Train at a given speed. 
Square the speed in miles per hour, divide this \ty 
171, and add 8 to the quotient Result is the resist- 
ance at the rails la pounds per ton weight. 

ReeitAarxe of Traint on a level at different gpeeda in 
pounds per Ton of Load. 

The resistance of curves may be reckoned aa 1 ftt 
cent ibr each degree of curve occupied by the train. 

Imperfections of road vary frc m 6 to 40 per cent. 

Strong side winds vary 20 per cent. 



j VelociCf of trains in miles per 

I BsBiatance on straight lines, 11m. 

! Bedstanne with sharp cnrres BJid 
j ftJODg winds. 
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THE THERMOMETER. 

The Thermometer is hd instrument for measuring 
v^ariati^ns of beat or temperature. The principle 
upon which thermometers are constructed, is the 
change of volume which takes place in bodies, wheu 
their temperature undergoes an alteration. Gener- 
ally speaking, all bodies expand when heated, and 
contract when cooled, and in such a manner that 
under the same circumstances of temperature they 
return to the same dimensions. 

But as it is necessary, not merely that expansion 
and contraction take place, but that they be capable 
of being conveniently observed and measured, only 
a small number of bodies are suitable for thermo- 
metrical purposes. 

Solid bodies, for example, undergo so small a 
change of volume, with moderate variations of 
temperature, that they are in general only used for 
measuring very high temperatures, as the heat of 
furnaces of melting metals, etc. 

The properties of Mercury, which render it prefer- 
able to all other liquids (unless for particular pur- 
poses), are these : 1. It supports, before it boils and 
b reduced to vapor, more heat than any other fluid, 
and endures a greater cold than would congeal most 
other liquids. 2. It takes the temperature of the 
medium in which it is placed more quickly than any 
other fluid. Count Rumford found that meieai 
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jrqft :ipjitprl rVom the freezinij- to the boiling-point rf 
•flt^r in "J8 -lerond?, while water took 133 aecsondi^ 
md lir <^1T hppoikIs, the heat applied being liie aum 
. n Ji 1 1 • I f H. r h roe '^ases. 3. The variations of ite yoliima 
vitliin .imit^, which include the temperatnrs muflt 
.'r'-'ju^'iiHy rponirM to be ohaerved, are found to bi 
.y^r-W:t\^' r^'f^iilar and proportional to the variationi 
)f t^'ui ponton*,. 

The Mercurial Thermometer consists of a bulb and 
^t^.in oK jflHHfl ot' unitorm bore. A sufficient quantitj 
'»*' .'rK'n'ury havintr been intro<luced, it ia boiled to 
'*yxy:\ r.lip, air and mointure, and the tube ia then 
tt^r: n ''t,i ca 1 1 / ."»**a i ed . 

The standard points are ascertained by immexang 
\ho. t'uormomo.tAT in melting ice, and in the steam of 
■fr^t^f l')oilint/ onder the pressure ot* 14.7 poundB on 
r.ho *yi»f(\ inch, and marking the p<>sitiona of the top 
of ^h^ cr>hunn ; the interval between thoee points il 
di'/ldM int/» t-.he prof>*;r number of degrees — 100 fin 
hho ^^.TiMsrra^le .V',ale ; 180 for Fahrenheit's; and 80 
for ff.''Homi»r'^. 

In Fahrenheit's time it was supposed that the 
terfi}if'<t tlo^r^w. of cold attainable was reached by 
Tn'\<'\ii'jf .^riow and a)nHnon salt, or snow and sal- 
rirninonoi/'. A thermometer plunged into a mixtaie 
of \\iU kind wafl found to fall much below the point 
indi^'Ht'-d by molting ice. The point to which die 
mercury fell by contraction, when plunged in thuT 

' ture, Fnhrniihuit marked 0; the interval be- 
iliis aud the froezing-pomt Yve dY\\dfid vato 
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thirty-two equal divisions, hence the freezing-point 
eame to be indicated by 32°. 

Then equal divisions were continued upwards, and 
the mercury, by expansion, reaching 212°, when the 
thermometer was immersed in boiling water, this 
212° was called the boiling-point. This is briefly 
Ihe reason for Fahrenheit adopting his method of 
division, and why he has 212° — 32° = 180° between 
ths feezing and the boiling points. 

Biit a much lower temperature than Fahrenheit's 
0° has been observed in cold countries, and as mer- 
cury becomes solid at 39° Fahrenheit below freezing, 
it would be the most accurate limit to the scale, as it 
would register the utmost extremes of heat and cold 
to which the mercurial thermometer is sensible. 

Centigrade Scale. — On this scale the space be- 
tween the freezing- and the boiling-points of water 
is divided into equal parts, the zero point being 
placed, as in Keaumur's, at freezing. This division 
being in harmony with our decimal arithmetic, is 
better adapted than Fahrenheit's or Reaumur's scale 
for scientific purposes. 

Reaumur's Thermometer. — In Reaumur's ther- 
mometer the melting-point of ice is taken as zero, 
and the distance between that and the boiling-point 
for water is divided into 80 equal parts. Reaumur 
having observed that between those temperatures 
spirits of wine (which he used for the therraometric 
fluid) expanded from 1,000 to 1,080 parts. TViSsr 
division soon became general in France and oO 
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c<mntnt>c>, ana di ^rr^a: sumb^r of Talnable oliaerv» 
tions hAvo cv-eu revvrie-i in remiB rfit; bat it to 
cow st^liioiii i:>«:\i is work* o: science. 

Change of Zero. — Tnere is a circamstmnce con* 
lUvttHl wirh :::e rut-rviiriAl ihermomeler whid » 
t]uirv^ to Ix* Aiui^ievi :.\ when very exact deftermiiM- 
tion5» of to»ujvrii:iir^^ sk' :o be Tnade, as it has been 
ol»e»i*rvi\i that whc:; them-niorer? which hmve beea 
ivnstruottxi tor 5k»ver:«I year* an? placed in melting 
ice, tlio morvury ^jiaiid^ in prneral higher than the 
zero point ot the ><.*a'.e : ana rhis circumstance, whid 
romlorii the Sk'alo inai.vura:e, has been usoally ascribed 
to the slo\vne:<^ with whioh the glass of the balb ao> 
quirt's its [vriiuiiieut arrangement, after having been 
hoateii to a high degree in Killing the mercury. 

lu very nioe ex^H'riuients it is always neoeasaiy to 
verify the zero (xnut: for it was found that when 
thermometers have been kept during a certain time 
In a low tera(>erature, the zero point rises, bat &lli 
when they have been kept in a high tempentOFBi 
and this remark applies equally to old thermometen 
and to those which have been recentlv constructed. 

Absolute Zero. — An absolute zero is a theoretiGal 
and imaginary term, as an absolute zero is only jiqi* 
posed to be the point where heat-motion ceased en* 
tirely, and is fixed at 461° Fah. below the aero of 
the common thermometer. 

The rate of expansion of mercury with rise of 

vature increases as the temperature beoomei 

Ikan irUdi it Ibllows, that i£ a JhcnMiusuyis 
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shouting the dilation of mercury simply were made 
to agree with an air thermometer at 32° and 212°, 
the mercurial thermometer would show lower tem- 
peratures than the air thermometer between those 
standard points and higher temperatures beyond them. 

Spirit Thermometers are used to measure temper- 
atures at and below the freezing-point of mercury; 
Their deviations from the air thermometer are 
greater than those of the mercurial thermometer. 

Solid Thermometers. — Solid thermometers are 
sometimes used, which indicate temperatures by 
showing the difference between the expansions of a 
pair of bars of two substances whose rates of ex- 
pansion are different. When such thermometers are 
used to indicate temperatures higher than the boiling 
point of mercury under one atmosphere (about 676® 
Fab.), they are called Pyrometers. 

Fixed Temperatures are the boiling-point for 
water and the melting-point for ice. 

Rvlesfor comparing Degrees of Temperature indicated 

by different Thermometers : 

Rule I. — Multiply degrees of Centigrade by 9, and 
divide by 5 ; or multiply degrees of Reaumur by 9, 
and divide by 4. Add 32 to the quotient in either 
case, and the sum is degrees of Fahrenheit. 

Rule II. — From degrees of Fahrenheit subtract 
32 ; multiply the remainder by 5, and divide by 9 
for degrees of Centigrade; or multiply by 4 wci? 
divide by 9 for degrees of Beaumur. 
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ELASTIC FLUIDS AND VAPORS. 

Elastic fluids are divided into two classes — perma- 
nent gases and vapors. The gases cannot be liquefied 
jnder ordinary conditions of pressure and tempera- 
ture ; whereas the vapors are readily reduced to the 
liquid form by pressure or diminution of tempera* 
ture. In respect of their mechanical properties 
there is, however, no essential difference between the 
two classes. 

Elastic fluids, in a state of equilibrium, are sub- 
ject to the action of two forces : namely, gravity, 
and a molecular force acting from particle to particle. 

Gravity acts on the gases in the same manner as 
on all other material substances ; but the action of 
the molecular forces is altogether different from that 
which takes place among the elementary particles 
of solids and liquids; for, in the case of solid bodies, 
the molecules strongly attract each other (hence re- 
sults their cohesion), and, in the case of liquids, exert 
a feeble or evanescent attraction, so as to be indifferent 
to internal motion ; but, in the case of the gases, the 
molecular forces are repulsive, and the molecules, 
yielding to the action of these forces, tend incessantly 
to recede from each other, and, in fact, do recede 
until their further separation is prevented by an ex- 
terior obstacle. 

Thus, air confined within a close vessel exerte a 

oonstant pressure against the interior surface^ wK** 
6 J) 
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is not sensible, only beca'use it is balanced by the 
equal pressure of the atmosphere on the exterior su^ 
feee. This pressure exerted by the air against the 
Bides of a vessel within which it is confined, is called 
its elasticity, elastic force, or tension. 

Conditions of Equilibrium. — In order that all the 
parts of an elastic fluid may be in equilibrium, one' 
condition only is necessary : namely, that the elastic 
force be the same at every point situated in the same 
horizontal plane. This condition is likewise neces- 
sary to the equilibrium of liquids, and the same cir- 
cumstances give rise to it in both cases : namely, the 
mobility of the particles, and the action of gravity 
upon them. 

The density of bodies being inversely as theii 
volumes, the law of Mariotte may be otherwise ex- 
pressed by saying the density of an elastic fluid is 
directly proportional to the pressure it sustains. 
Under the pressure of a single atmosphere, the 
density of air is about the 770th part of that of 
wat<5r ; whence it follows that, under the pressure of 
770 atnioHplieres, air is as dense as water. 

The average atmospheric pressure being thus 
equal to that of a column of water of about 3 1 feet in 
altitude ut the level of the sea, at a depth of 26,180 
(oqiuils 770 multiplied by 34) feet, or 5 miles, air 
would he licavier than water; and though it should 
■*;ii iwkt^miii ill a gaseous state, it would be incapable 
the surface. 
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CALORIC. 

The ordinary application of the word heat implies 
the sensation experienced on touching a body hotter, 
or of a higher temperature ; whilst the term calorio 
provides for the expression of every conceivable 
existence of temperature. 

Caloric is usually treated as if it were a material 
substance; but, like light and electricity, its true 
nature has yet to be determined. 

Caloric passes through different bodies with differ- 
ent degrees of velocity. This has led to the division 
of bodies into conduLctora and non-conductors of ca- 
loric; the former includes such bodies as metals, 
^hich allow caloric to pass freely through their sub- 
stance, and the latter comprises those that do not 
give an easy passage to it, such as stones, glass, wood, 
charcoal, etc. 

Radiation of Caloric. — When heated bodies are 
exposed to the air, they lose portions of their heat 
by projections in right lines into space from all parts 
of their surface. Kadiation is effected by the nature 
of tiie surface of the body : thus, black and rough 
surfaces radiate and absorb more heat than lignt 
and polished surfaces. Bodies which radiate heat 
best, absorb it best. 

Reflection of Caloric differs from radiation, a? 
the caloric is in this case reflected from the surface 
without entering the substance of the body. Hen 
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tlie body which radiates, and consequently absorhi 
inoBt caloiiCy reflects the least, and vice versa. 

Latent caloric is that which is insensible to the 
touch, or incapable of being detected by the ther« 
mometor. The quantity of heat necessary to enable 
ice to assume the fluid state, is equal to that which 
would raise the temperature of the same weight of ^ 
water, 142^ Fah., and an equal quantity of heat in 
set free from water when it assumes the solid form. 

Sensible oalorio is free and uncombined, passing 
from one substance to another, afiecting the senses in 
its passa^, determining the height of the thermometer^ 
and giving rise to all the results which are attributed 
to this active principle. 

Evaporation produces cold, because caloric must 
be absorlHxl in the formation of vapor, a large quan- 
tity of it passing from a sensible to a latent state, the 
ca|i«ioity for heat of the vapor formed being greater 
than that of the fluid from which it proceeds. 

HEAT. 

Heat is one fi>rm of mechanical power, or, more 
pi\%(vrly. a given quantity of heat is the equivsleDt 
of a determinate amount of mechanical power; and 
as heat is i^a^xablo of pnxiuoing power, so oontimri* 
vts>^ {vwor is i'ajxable of pnxiuoing heaL 

As it Uwmes necesss«rv h> have a staodaM far 
ini\f the amount of heat absorbed or erolTad 
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during any operation, in this country the standard 
unit is the amount of heat necessary to raise the 
temperature of a pound of water 1° Fah., or from 
32° to 33° Fah. 

Specific Heat. — Different bodies require very 
different quantities of heat to effect in them the 
same change of temperature. The capacity of a 
body for heat is termed its " specific heat," and may 
be defined as the number of units of heat necessary 
to raise the temperature of 1 pound of that body 
1*^ Fah. 

When a substance is heated it expands, and its 
temperature is increased. It is evident, therefore, 
that heat is required both to raise the tempe^'ature 
and to increase the distance between the particles of 
the substance. 

The heat used in the latter case is converted into 
interior work, and is not sensible to the thermome- 
ter ; but it will be given out, if the temperature of 
the substance is reduced to the original point. 

Thus, while heat is apparently lost, it is only 
stored up, ready to do work, and the substance pos- 
sesses a certain amount of potential energy, or possi- 
bility of doing work. 

Now, as different substances vary greatly in their 

molecular constitution, expanding and contracting 

the same amount with widely differing degrees of 

force, it is to be expected that the quantity of heat 

ihat will raise one substance to a given temperaUi"^ 
6* 
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may produce a less or greater degree of sensible 
heat to another ; and we find in practice that such 
is the case. 

The condition of heat is measured as a quantity, 
and its amounts in different bodies and under differ^ 
ent circumstances are compared by means of the 
changes in some measurable phenomenon produced* 
by its transfer or disappearance. 

In so using changes of temperature, it is not to be 
taken for granted that equal differences of tempera- 
ture in the same body correspond to equal quantities 
of he^t This is the case, indeed, for perfectly gase- 
ous bodies ; but that is a fact only known by experi- 
ment 

On bodies in other conditions, equal differenies of 
temperature do not exactly correspond to equal 
quantities of heat. To ascertain, therefore, by an 
experiment on the changes of temperature of any 
given substances, what proportion two quantities of 
heat bear to each other, the only method which is 
of itself sufficient, in the absence of all other experi- 
mental data, is the comparison of the weights of 
that substance which are raised from the same low 
temperature to a high or fixed temperature. 

The Unit of Heat. — The unit of heat, or thermal 
unit employed, is the quantity of heat, as before 
Bt^ted, that would raise 1 pound of pure water 1* 
Fah., or from 39° to 40° Fah. 

The reason for selecting that part of the soals 
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frhich is nearest the temperature of the greatest 
density of water, is because the quantity of heat 
corresponding to an interval of one degree in a 
given weight of water is not exactly the same in 
different parts of the scale of temperature. 

Latent Heat. — Latent heat means a quantity of 
heat which has disappeared, having been employed 
to produce some change other than elevation of tem- 
perature. By exactly reversing that change, the 
quantity of heat which had disappeared is repro- 
duced. 

When a body is said to possess or contain so much 
latent heat, what is meant is simply this : that the 
body is in a condition into which it was brought 
from a former different condition by transferring to 
it a quantity of heat which did not raise its tem- 
perature, the change of condition having been dif- 
ferent from change of temperature, and that by 
restoring the body to its original condition in such 
a manner as exactly to reverse the former process. 
The quantity of heat formerly expended can be re- 
produced in the body and transferred to other bodies. 

When a body passes from the solid to the liquid 
«tate, its temperature remains stationary, or nearly 
so, at a certain melting point, during the whole oper- 
ation of melting, and in order to make that opera- 
tion go on, a quantity of heat must be transferred to 
the substance melted, having a certain amount for 
each unit of weight of the substance. That heat 
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does not raise the temperature of the substance, bill 
disappears in causing its condition to change from 
the solid to the liquid state. 

When a substance passes from the liquid to the 
solid state, its temperature remains stationary, of 
nearly so, during the whole operation of freezing; a 
quantity of heat equal to the latent heat of fusioa 
is produced in the body, and in order that the oper- 
ation of freezing may go on, that heat must be 
transferred from that body to some other substance. 

Sensible Heat. — Sensible heat is that which is 
sensible to the touch or measurable by the ther- 
mometer. 

Mechanical Equivalent of Heat. — The mechani- 
cal equivalent of heat is the amount of work pei^ 
formed by the conversion of one unit of heat into 
work. This has been determined to be equal in 
amount to the work required to raise 772 pounds 
one foot high, or one pound 772 feet high. And as 
heat and work are mutually convertible, if a body 
weighing one pound, after falling through a height 
of 772 feet, were to have its motion suddenly arrestedi 
it would develop sufficient heat to raise the tempera- 
ture of a pound of water one degree. 

If a pound of water, at a temperature of 212® 
Fall., is converted into steam, the latter will have a 
volume of about 27 1 cubic feet. Now, suppose that 
the water is evaporated in a long cylinder, of exactly 
one foot cross section, open to the atmosphere at tfai 
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top. When all the water in the cylinder has diftap* 
peared, there will be a column of steam 27 i feet 
high, which has risen to this height against the pres- 
sure of the atmosphere. 

Hie pressure of the air being nearly 16 pounds 
per square inch, the pressure per square foot is 2,1 1 7 
pooads; and the external work performer! by th<? 
water, in changing to steam, will be an amount Tf^ 
quired to raise 2,117 pounds to a height of 27i feet, 
or about 57,688 iboi-poands. 

Now, since 772 foot-pounds of work require one 
onit of heat, the external work will take up 57,688 
divided by 772, equals 74.72 units of beat. 

Bsi it has been thcrwa that the totai unnAftit of 
uuta of heat rcqair»d to change water int// ttXtOLm m 
about 968 {mrm aamat^y, 966.6^. H^n^:^ the in- 
teiBal work will U^ tqual to an amMint d«!?vf;lop«>9d 
faj tbe crj&T*nKtt off ^Mfj Ustk 74.7:^ ^j^fjzU >^] M 
■nts of bcas iaao W'/hl, man UMt vUi <^|;ia> r^l/^, 
\0v 772L 'w^tihofc ^88^^ if^Mr^wa^Hu 
Thoory of Hcjt— !:>: :.v^,JLaA:^ 

iusac atiff »vrx art li:var*3La£-;f%a,>,> ttrt 
vaa, '^ *T:f"aHi^i3 viae i^^joo^a^ vf 

he aHftie- v vt 3u\u*a^i»il wijm^ art irx ::l v.cir.4^ 





» jisacMA 11 a opfBryBi: ?»ryeac«Pfcy4 
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force of expansion becomes equal to that of cohesion, 
and the body is liquefied ; and if still more heat if 
applied, the force of expansion exceeds that of co- 
hesion, and the liquid becomes a vapor. 

But in each of these changes work is performed, 
and the heat that is supplied is converted into work. 

For instance, if ice is at a temperature of .32°, 
and heat is applied, this is converted into the work 
that is developed in changing ice into water, and we 
say that heat becomes latent, and when water is at 
212°, and we continue to apply heat ; this is con- 
verted into the work that must be done in changing 
the water into steam. 

Dynamio Equivalent of Heat. — It is a nUtter of 
ordinary observation that heat, by expanding bodies, 
is a source of mechanical energy ; and conversely, 
that mechanical energy, being expanded either in 
compressing bodies or in friction, is a source of heat 

In all other cases in which heat is produced by the 
expenditure of mechanical energy, or mechanical 
energy by the expenditure of heat, some other change 
is produced besides that which is principally con- 
sidered ; and this prevents the heat and the mechaa- 
ical energy from being exactly equivalent. 

Power of Expansion by Heat. — When bodies eiL- 
pand, the molecules of which they are composed are 
pushed farther asunder by the oscillatory motioo 
communicated to them. The heat may be deeciibed 
as entering the substance and immediately settiBg to 
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work to separate the particles. Tlie power or energy 
it exerts to do this is immense. 

Molecular op Atomic Force of Heat. — All mole- 
cules are under the influence of two opposite forces. 
The one, molecular attraction, tends to bring them 
together ; the other, heat, tends to separate them ; its 
intensity varies with its velocity of vibration. Molec- 
ular attraction is only exerted at infinitely small 
distances, and is known under the name of cohesion,, 
affinity, and adhesion. 

Total or Actual Heat. — When a substance, by the 
expenditure of energy in friction, is brought from a 
condition of total privation of heat to any particular 
condition *as to heat. Then if we, from the total 
energy so expanded, subtract, first, the mechanical 
work performed by the action of the substance on 
externa] bodies, through changes of its volume, dur- 
ing such heating; secondly, the mechanical work 
due to mutual actions between the particles of the 
substance itself during such heating, the remainder 
will represent the energy which is employed in mak- 
ing the substance hot. 

Communication of Heat. — Heat may be commu- 
nicated from a hot body to a cold one in three ways 
— ^by radiation, conduction, and circulation. 

The rapidity with which heat radiates varies, 
other things being equal, as the square of the tem- 
perature of the hot body in excess of the temper 
aire of the cold one ; so that a body, if made t^ 
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Effect* of Heat on the CircubtkMi of Witor ■ 
Boilert. - A>! r.hr paniol-s or* "is^aier rise heated firom 
Ih'- \t^rWffu of trifc boiler, ocher parricles neceaaarily 
nuU.i/J': int/i their places, and it l« a point of oon- 
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|iliiMi until thfTf; JM another particle at hand to occopf 
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III fliM piirfidiw Ih provided for, the plate cannot get 
rid III' )U Infill., and tho proper formation of steam ii 
liliiilnriMJ. 

> U iiiiinl Ihi unflenttood that vaporization doei 
4lil on tlift quantity of heat applied to tin 
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plate, but on the quantity of heat abstracted from it 
by the particles of water. 

Medium Heat. — The medium heat of the globe vk 
placed at 50® ; at the torrid zone 75° ; at moderate 
climates 60° ; near the Polar regions 36® Fah. 

The extremes of natural heat are from — 70° tc 
120° ; of artificial heat, from —166° to 36000° Fah. 



LATENT HEAT OF FUSION. 



FLUIDS. 


VAPOBS. 


Fah. 

Ice 142° 

Sulphur 168 

Lead 9.8 

Beeswax 176 

Zinc 60.6 


Fah. 

Steam 966.6° 

Vinegar 875 

Ammonia 860 

Alcohol 372 

Ether 174 



TABLE 

SHOWING THE EFFECTS OF HEAT UPON DIFFERENT BODIES. 



Cast-iron, thoroughly ) 

smeltea j 

Fine gold mdts 

Fine silver " 

Copper " 

Brass " 

Red heat, visible by day 
j Iron red-hot in twi- ) 

i light-" ; 

I Common fire 

; Iron, bright red in the) 
dark j 

Zinc melts 

i^icksilver boils 

Itfinaeed oil 



6 



Fah. 

2754<» 

2282 
1832 
2160 
1900 
1077 

884 

790 

762 

680 
648 
600 



Lead melts 

Bismuth " 

Tin " 

Tin and Bismuth, 
equal parts, melt... 

Tin, 3 parts, Kismuth 
5, and Lead 2 parts, 
melt 

Alcohol boils. 

Ether " 

Human blood (heat of) 

Stronff wine freezes, 

Brandy 

Mercury melts 



1 



u 



Fah. 

608° 

604 

446 

286 



212 

174 

98 

98 

20 

7 
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COMBUSTION. 

Combustion or burning is a rapid chemical com- 
bination. In the ordinary sense of the word, com- 
bustible means a body capable of combining rapidly 
with oxygen so as to produce heat. 

No substance in nature is combustible of itself, to 
whatever degree of heat it may be exposed ; nor can 
it be ignited only when in presence of or in mechan- 
ical mixture with air, or its vital element, oxygen, 
because combustion is continuous ignition, and can 
only be made to exist by maintaining in the combus- 
tible mixture the heat necessary to ignite it. 

Chemical combination, in every case, is accom- 
panied by a production of heat ; every decomposi- 
tion, by a disappearance of heat equal in amount to 
that which is produced by the combination of the 
elements which are to be separated. 

T^hen a complex chemical action takes place in 
which various combinations and decompositions occur 
simultaneously, the heat obtained is the excess of the 
beat produced by the combinations above the heat, 
which disappears in consequence of the decomposi- 
tions. 

Sometimes the heat produced is subject to a furthei 
deduction, on account of heai which disappears in 
melting or evaporating some of the substances which 
combine either before or during the act of combina- 
tion. 
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Substances combine chemically in certain propo^ 
tions only. To each of the substances known in 
chemistry, a certain number can be assigned, called 
its chemical equivalent, having these properties: — 
1st. That the proportions by weight in which sub- 
stances combine chemically can all be expressed bj 
their chemical equivalents, or by simple multiples 
of their chemical equivalents. 2d. That the chemical 
e(|uivalent of a compound is the sum of the chemical 
equivalents of its constituents. 

Chemical equivalents are sometimes called atomic 
weights or atoms, in accordance with the hypothesis 
that they are proportional to the weights of the sup- 
posed atoms of bodies, or smallest similar parts inU/ 
which bodies are assumed to be divisible by known 
forces. The term atom is convenient from its short- 
ness, and can be used to mean '^ chemical equivalent'' 
without necessarily affirming or denying the hypoth- 
esis from which it is derived, and which, how prob- 
able soever it may be, is, like other molecular 
hypotheses, incapable of absolute proof. 

The chief elementary combustible constituents of 
ordinary fuel are carbon and hydrogen. Sulphur is 
another combustible constituent of ordinary fuel, bat 
its quantity is small and its heating power of no 
practical value. 

Coal is composed, so &r as combustion is con* 
cerned, of solid carbon and a gas consisting of hy* 
1 and carbon. 
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When the coal is heated, it first discharges its gas; 
the solid carbon left then ignites in presence of oxy- 
gen, and will retain the temperature necessary to 
combustion so long as oxygen is supplied. 

The Ingredients of Fuel. — Fixed or free carbon 
which is left in the form of charcoal or coke after 
the volatile ingredients of the fuel have been distilled 
away. Thiii ingredient burns either wholly in the 
solid or partly in the solid and partly in the gaseous 
state ; the latter part being first dissolved by previ- 
ously formed carbonic acid, as already explained. 

Hydrocarbons, such as gas, pitch, tar, naphtha, etc., 
all of which must pass into the gaseous state before 
being burned. If mixed on their £rst issuing from 
among the burning carbon with a large quantity of 
air, these inflammable gases are completely burned, 
with a transparent blue flame, producing carbonic 
acid and steam. 

Mixture of Fuel and Air. — In burning charcoal, 
coke, and coals which contain a small proportion 
only of hydrocarbons, a supply of air sufficient for 
complete combustion will enter from the ash-pit 
through the bars of the grate, provided there is a 
Bufiicient draught, and that care is taken to distrib- 
ute the fresh fuel evenly c^ver the fire, and in mod- 
erate quantities at a time. 

Available Heat of Combustion. — The available 

heat of combustion of one pound of a given sort of 

iiiely is that part of the total heat of combusf* 
6* £ 



M 
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which is commuuicatpd to the body, to heat whidi 
the fuel is burued. 

Anthracite Coal. — The chemical compoBition of 
authracite coal is similar to charcoal, from n^hich it 
differs chiefly in its form, being very hard and cora- 
[lact, and in the greater quantity of ashes which it 
contains. It is, like charcoal, unaltered in form aflter 
exposure to the strongest heat; even ailer passing 
through a blast furnace it has equally as sharp 
edges, and is in form exactly as it was before. 

COMPOSITIONS OF DIFFERENT KINDS OF 
ANTHRACITE COAL. 



Lehigh coal...., 
Schuylkill coal 

Potts villa 

Pinegrove 

Wilkesbarre.... 
Carboudale 



1. 



Carbon. 



88.50 
92.07 
94.10 
79.57 
88.90 
90.23 



VolatUe 
matter. 



7.50 
6.0« 
1.40 
7.15 
7.68 
7.07 



Ashes. 



4.00 
2.90 
4.60 
3.28 
3.49 
2.70 



Speoifte 
gravitj; 



1.61 
1.67 
1.60 
1.64 
1.40 
1.40 



The analysis of anthracite shows good coal of thai 
class to be composed of 90.45 carbon, 2.43 hydio- 
gen, 2.45 oxygen, some nitrogen, and 4.67 ashes. 

The ashes generally consist, like those of bitimu- 
iious coal, of silex, alumina, oxide of iron, and 
chlorides, which generally evaporate and condense OB 
cold objects in the form of white films. 

Anthraoite is not so inflammable as either diy wood 
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9t lutominous coal, but it may be made to bum 
quite as vividly as either, by exposing it to a strong 
draft, or in a large mass to the action of the air. 

The Quantity of Air Required for the Combustion 
of Anthracite Coal. — ^In view of the quantity of oxy- 
gen required to unite chemically witn the various 
constituents of the coal, we find that in 100 pounds of 
anthracite coal, consisting of 91 per cent, of carb(»n 
and 9 per cent, of the other matter, it will be necessary 
to have 242.66 pounds of oxygen, since to saturate a 
pound of carbon by the formation of carbonic acid 
requires 2f pounds of oxygen. To saturate a pound 
of hydrogen in the formation of water, requires 8 
pounds of oxygen ; hence 3.46 pounds of hydrogen 
will take 27.68 pounds of oxygen for its saturation. 

If then we add 242.66 pounds of oxygen for its 
saturation, 270.34 pounds of oxygen are required for 
the combustion of 100 pounds of coal. 

A given weight of air contains nearly 23.32 per 
cent, of oxygen ; hence to obtain 270.34 pounds of 
oxygen, we must have about four times that quan- 
tity of atmospheric air, or, more accurately, 1159.5 
pounds of air for the combustion of 100 pounds of 
coal. 

A cubic foot of air at ordinary temperatures weighs 
about .076 pounds ; so that 100 pounds of coal re- 
quire 15,254 cubic feet of air, or 1 pound of coal 
requires about 152 cubic feet of air, supposing every 
atom of the oxygen to enter into combination. 



f>ir a»' fr^m 'vne-chird to ooe-hAlf of die air 

i.vy»A<fiitni^ rhtfAM^jc}^ the fire, &zl aHowaace ^Ht* 240 

'^uMr* :;P:^ of air for each pound of coal will be % 

'r.'ifhi; ^Xif.'k'xyk aliowabce to amwer the reqairemena 

.:' ora/rl^:/-,, ar»''l in ?*ome cases as xnach as 320 eobic 

Tht Evaporative Efficiency of a Poundof Aiitkra- 
(irt^ Coal. - 1 he evafy>rative efficacy of a ponnd of 
'^,'•^//^ haM U;^rj found, experimentally, to be equiva- 
.'-.rl^ r// that lif-z-jimeLry to rabe 14,000 pounds of water 
M-iroMj^h I iU',^rf:(:f or 14 p^iunds of water thiougb 1000 
fUif/^rf/^, Mupp/ifiing the whole heat generated to be 
•UorK^d hy the water. 

Now, if th^; water lie raised into steam from a tern- 
(t^sniitm of fK)', then 1118.9'' of heat will have to be 
\tu]tttrUu\ Ut it to r^)nvert it into steam of 15 pounds 
prtmurt', jHT Hquare inch; 14,000 divided by 1118.9 
«-^|ij»Im 1*2,5 pouiidH will be the number of pounds 
of WHl4;r, iUc.roAhrdf which a pound of carbon can raise 
into Htfain of 15 pounds pressure from a temperature 
of 00'. This, however, is a considerably larger re- 
unit thfin i'lm \h* expected in practice. 

Bituminous Coal. — Under this class we range all 
tliiit iiiincnil (;(>al which forms coke, that is, it swella 
npnii hciii^ <'X|>()He<i t( heat, burns with a bright flame, 
hhi/.rn, niul ni'lcr the flame disappears there remains 
n Hpon^'y, porous mass — coke — which bums without 

lie liko cliarroal. 
' itM (H)n4H>tiitiou we find chiefly carbon, oxygen, 
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kydiogen, nitrogen, sulphur, and ashes, with a little 
water, which has been absorbed. 

The following table shows the comparative compo 
■ition of various sorts of mineral fuel : 





Carbon. 


Hydri^n. 


Oxygen 

and 

Nitrogen. 


Aahea. 


^^ATi ••••■••••• •••••••■•••M*** 

Brown GoaL ».... 

Hard Bituminous Coal, 
(^^annf^l Coal 


58.09 
71.71 
82.92 
83.75 
87.95 
91.98 


5.93 
4.85 
6.49 
6.66 
5.24 
3.92 


31.37 

21.67 

10.86 

8.04 

6.41 

3.16 


4.61 
1.77 
0.13 
2.55 
1.40 
0.94 

• 


Cooking or Baking Coal 
Anthraicite •.. ••• 





An essential condition in forming coke is that the 
ooal, on being heated, swells and changes into irreg- 
ular spongy masses, which adhere intimately together. 
This operation is designed to expel sulphur and hy- 
drogen, and form a coal which is not altered by beat 
The sulphur cannot be entirely separated from coke, 
or from carbon, no matter how high the heat may be ; 
neither can all the hydrogen be removed from carbon 
by simply heating the compound. K oxygen is 
admitted to these combinations, both sulphur and 
hydrogen may be almost entirely expelled, that is, 
provided the oxygen is not introduced under too 
high or too low a heat 

The most important point, and one which has a 
direct bearing upon the value of coal, is the quant?' 
of heat whii*h it can evolve in combustion. 
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If we assume xhsi the quandxr of ashes u equal in 
the tour substances mennoned below, that la. 5 pet 
ceut. in each, and suppose ninher that pine diaiooai 
furnishtss 100 pans oi hcac, the tollowing table ahowi 
the quantity which must be liberated in their per- 
fect combustion. 



CindofCodJ. Carbon. HjdiogaBJ Wi 



Brown Coal. - 69 i 3 {23 

16 



Cooking Coal~ To 4 

" " TS • 4 

Anthracite Coal So ! 3 

Pure Carbon 100 

[ 
1 



18 
7 



olltaft. 






78 
87 
90 
94 
100 



Bituminous coal, like all other fuel, is a compound 
substance, which may be decomposed by heat into 
several distinct elements — generally five or six at 
least So far as relates to combustion, we are con- 
cerned principally with but two of these, viz., solid 
carbon, represented by coke, and hydrogen, generally 
known under the indefinite term of ''gas.'' These 
two elements contain principally the ftill heating 
qualities of the coal. The carbon, so long as it re- 
mains as such, is always solid and visible. 

The hydrogen, when driven from the coal by heat, 
carriers with it a portion of carbon, the gaseous ooat 
[K)und being known as carburetted hydrogen. 

4. ton of 2,000 pounds of average bituminous ooal 
«ins, say 1,600 pounds, or 80 per cent of carbon. 
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100 pounds, or 5 per cent, of hydrogen, and 300 
poundfly or 15 per cent of oxygen, nitrogen, sulj>liur, 
sand and ashes. 

But if this coal be coked, the 100 pounds of hy- 
drogen driven off by heat will carry about 300 pounds 
of carbon in combinaiion with it, making 400 pounds, 
or nearly 10,000 cubic feet of carburetted hydrogen 
gas. 

But still 1,300 pounds of carbon (65 per cent, of 
the original coal) will be left, and, with the earthy 
matter, ashes, sulphur, etc., retained with it, the coke 
will weigh but about 1,350 or 1,400 pounds, — 67} 
to 70 per cent, of the original coal. 

The only proportions in which carbon and hydro- 
gen combine with air in combustion are these : 

For every pound of carbon (pure coke), 11} pounds 
(equal to 152 cubic feet) of air are required to com- 
Hne intimately with it. 

For every pound of hydrogen, 35 pounds (equal to 
457 cubic feet) of air are required to be similarly 
combined. 

Thus for every pound of carburetted hydrogen gas, 
being one-fourth pound of hydrogen and three fburtlis 
yf a pound of carbon, 17i pounds (equal to 228 cubic 
feet) of air are required to be combined with it. 

These are the elements and their combining pro- 
portions that have to be dealt with in a locomotivje 
FURNACE. For every 2,000 pounds of coal bu rued, t he 
400 pounds of carburetted hydrogen — the **gas" — 




* ip* ' fr.m, 1 TiiL if nnmajT 

^ — 

prof^/niona* Vy :--r q-iac^rr of air with which it will 
(yi9iu\t\u*i ill f:fj^Ci'is:zi-jiL, Hence hydrogen, whidi 
ly/iribin^ with three timce the qiiand^ of ail 
((fxyii^i'Mj which would be taken up by carfaon, hafl^ 
for c^iual weighte, three times the heating valnei 
ThuH, tlic UH) pounds of pure hydrogen in a ton ."f 
(Mill I liavti the Mime heating efficiency as that dne to 
liOO )M)iin(iH of the remaining carbon or pure ook& 

It will now be Heen that complete combustion can- 
not pi'o<lii(ui Hiiiokc, since smoke contains a quantitj 
of unburnt. inatU^r, and is in itself a proof of is- 
(HMuploto (*otnbuHtion. The products of perfect coat 
buMiou im^ inYiHi)>lo — being for carbon andoxygeOf 
« xmI^mu^* t\M ; and tor hydrogen and oxygen, inviri* 
^lo Mx';u\\. whioh ivndon8ei« into water. 

1 hfi» «dmi»»ion of h»atdd air to ftimaoM w ira* 
;s^\o« «^f Kvomotivi^t ohu Iv of no practical vabiflb 
« ^',>v v,M ^\vv\ 4hr' V\^h. of boat added, its original 
;s,A ^M \v.vi\mo \!^ oxHtbitxi: trebled at 922^ Fah.; 
»,^ «Xa4 Ai *^'^V>^' V\b. <he hi>a!<yl air in ths ■ 
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of the furnace has six times its original volume. This 
makes it more unmanageable, and as its contained 
oxygen remains the same in weight, its mixture with 
the gas becomes more difficult, while, when mixed, 
It can do only the same work as before. 

Wfttite of Unburnt Fuel. — This generally arises 
from thb brittleness of the fuel, combined with want 
of care on the part of the fireman, by which cause 
the fuel IS made to fall into small pieces, which es- 
cape between the grate-bars into the ash-pit, and are 
lost 

It IS almost impossible to estimate the loss of fuel 
occasioned by carelessness and bad firing, but the 
amount which is unavoidaBle, even with care and 
good firing, has been ascertained by experiment to 
range from 2i to 3 per cent, of the fuel consumed. 

Spontaneous Combustion. — A great deal has 
been said and written on the subject of spontaneous 
combustion, and the danger likely to result from 
allowing steam-pipes to come in contact with the 
Wood-work in buildings ; but as the temperature of 
superheated steam only ranges from 300 "^ to 500° 
Pah., it is only able to set fire to such substances as 
sulphur, gun-cotton, and nitro-glycerine. It is, per- 
haps, able to fire gunpowder, but certainly cannot 
igoite wood. . 

It is only when dried wood, sawdust, or rags have 
been saturated by drying oil or other equivalents, 

that the temperature may be indefinitely raised, an^ 
7 
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4Hii<r:i>'M TTiE -TOT.i^ lEi- tr '.•»in-«Trni» hf ^K^JBDinF 



*lUr \1» ."731.. 



II mi** "^ .,_ tin UMk. 



^.lirt.i'V.i*.! 

^."•i*i'.v»l ".»»ar. 

/-«,«rA- :3r. ■,•.!: 

.'•'• '^I'a ....-■ 

'/*.; 

.\f,f\.f4r.\f^. 

M*#'l >rtf^*rriifiMi*— hardest. 

' .'^'rif irij^ ft/.*l 

' 4«f'tiriij ''-/ihI <. 

ii*thti ffrtrriiiif(«plint Cf4il.... 

t'tr.A7. 

l^hffN*lh HU^Uy 

u '^uiiiiiiifiii '^A |»fir 14. water 

'■Mry.M 

Hjitrq tt water 






1.07 
l.i>4 
0.91 
0^1 

0.66 



0.50 



L-k<JO 

l-JjiO 

15.75 
15.90 
l-L:15 
16.00 
15.60 
13.65 
12.15 

10.00 
7.25 

7.60 
5.80 



if 



13500 

ii6oe 



137W 
U80O 



13778 



13196 
11746 
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TABLE 

OF TEMPERATUBES BEQUIRED FOR THE IGNITION OF 
DIFFERENT COMBUSTIBLE SUBSTANCES. 





Tempera- 




SUBSTANCES. 


ture of 


BBlfABKS. 




Ignition. 




PhosDhoms 


140° 
300° 


Melts at 112°. i 


Bisulphide of carbon vapor 


Melts at 130°. i 


Falminating Powder 


374° 


Used in percussion caps. 


Folminate of Mercury 


.S92° 


According to Legue and ^ 
Champion. 


Equal parts of chlorate of 

potasn and sulphur 

Sulohur 






395° 




400° 


Melts, 239° ; boils, 570°. 
According to Legue and 
Champion. 


Qun -cotton 


428° 






Nitro-crlvcerine 


494° 


u u « 


Bifle-powder 


550° 


(( l( « 


Gunpowder, coarse 


563° 


tl « « 


Picrate of mercury, lead 






or iron 


666° 


C< (( it 


Picrate powder for torpe- 


does « .•«..« 


670° 
676° 


it <C (( 


Picrate powder for m nskets 


Charcoal, the most inflam- 




« (( « 


mable willow used for 






gunpowder » 


680° 


According to Pelouse and 
Fremy. 


Charcoal made bydistill- 






ine wood at 600° 


660° 
700° 


« C( <» 

« it « 


Charooal made at 600°.... 


Picrate powder for cannon 


716° 




Very dry wood, pine 


800° 




" " ** oak 


900° 




Charcoal made at 800°.... 


900° 





It will be seen by the above table that the most 
combustible substances geDerally considered very 
dangerous, will only ignite by heat alone at a high 
temperature, so that for their prompt ignition it ^~ 
qaires tiie actual contact of a spark. 



^ ^3MTr: 



o-"ii.'it-. i: 






I :'-.:r"_i-_l irZ'tr. 



1. :■ -•■- .:" .-j.r:':r. an-i hv- 
- -r ■ ' • -■...:.:: :;Lrl u retted 

;: ' ^- ..;;.:'.:.:':>:- wav now stated, 

.... : . .:. \- :. .;-:::. ■■:" iirnition in close 

. ,. •..:.. ;;.:*■: ' .:.-:!:'.:cut parts may be 

. ,;i .''1 'I ).< '..*r.:u'.:. jii'. b;ir: is ilitftilled over in 
II. I'. I III '.\ "i;il i;ii, «t<-., aii«l SI liirjre quantity of an 

..•|ii ■: lliii'l I -■ ili..<'n^<;iL;.'i-(l m i\nt same time, mixed 

k..iil, ,1 )iiiiiinii 111' i-:'.-.riitiiil (jil uiid varioud ammoui- 
III III iifili-1 

A liii^'i i|iiitiilily iircarlmrcltiMl hydrogen, carbonic 

luhir-. iiiiIhhiIc acid, and sulpliurottoil hydrogen aiBO 

\\\^\\' u)i|iiMM'aiu*i\ (ogolhor with i^mall quantitiei 
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of cyanogen, nitrogen, and free hydrogen ; and the 
fixed base of the coal alone remains behind in the 
distillatory apparatus, in the form of a carbonaceous 
substance called coke. An analysis of the coal is 
thus effected by the process of destructive distillation. 

Hydrogen. — Hydrogen is the lightest of all known 
gases, its specific gravity being only 0.06896, air 
being 1. This gas is colorless, and when perfectly 
pure, inodorous. It has a powerful aflSnity for oxy- 
gen, and is therefore eminently combustible. Intense 
heat is developed by the combustion of hydrogen in 
oxygen gas, and but little light. 

Carbon. — Carbon is well known under the form 
of coke, charcoal, lamp-black, etc. It is one of the 
principal constituents of all varieties of coal, and is 
the basis of the illuminating gases. Carbonic oxide 
is a colorless and inodorous gas, rather lighter than 
common air, having a specific gravity of 0.9727, is 
sparingly absorbed by water, and does not precipitate 
lime-water. It is inflammable, burning with a blue 
flame ; the product of its combustion is carbonic acid. 

Carbon unites with hydrogen in many proportions, 
and many of these compounds are produced during 
the distillation of coal ; but the only two of importance 
are carburet-ted hydrogen and defiant gas. 

Carburetted Hydrogen. — Carburetted hydrogen 
is abundantly formed in nature, in stagnant pools, 
ditches, etc., wherever vegetables are undergoing the 
prH^ess of putrefaction; it also forms the greater '^•"•* 

7» 
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of the gas obtained from coal. Carburetted hydro* 
gen consists of 100 volumes of vapor of carbon, and 
200 of hydrogen. It is colorless and almost inodor- 
ous ; it is not dissolved to any extent by water, and 
is much lighter than atmospheric air, its density 
being 0.5527. It is very inflammable, burning ¥rilh 
a strong yellow flame. The products of its corabofi- 
tion are carbonic acid and water. 

Carburetted hydrogen, or coal-gas, when freed from 
the obnoxious foreign gases, may be propelled in 
streams out of small apertures, which, when lighted, 
form jets of flame, which are called gas-lights. 

Oleflant Gas. — Olefiant gas is a product of the 
distillation of oil, resin, and also of coal, when the 
process is well conducted. It is colorless, tasteless, 
and without smell when pure. Water dissolves about 
one-eighth of its bulk of this gas. It is formed of 
two volumes of hydrogen, and two of the vapor of 
carbon condensed into one volume. 

Olefiant gas burns with an intense white light, and 
requires a larger portion of oxygen for its combustion, 
one volume of the gas requiring not less than three 
volumes of pure oxygen, or fifteen volumes of atmos- 
pheric air for decomposition. The products of the 
combustion are water and carbonic acid. 

Nitrogen. — Nitrogen is one of the constituents of 

coal. It has the properties of extinguishing burning 

bodies, and is not absorbed by water; its speoUlo 

gravity is 0.9760, being lighter than common air, of 

i it forma a constituent part. 
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Liqueftiction of Gases. — Many of the gases bave 
already been brought into the liquid state by the 
conjoint agency of cold and compression, and all of 
them are probably susceptible of a similar reduction 
by the use of means sufficiently power^l for the re- 
quired end. 

They must consequently be regarded as the super- 
heated steams or vapors of the liquids into which 
they are compressed. 

Compression and Dilatation of Gases. — When a 
gas or vapor is compressed into half its original bulk, 
its pressure is double ; when compressed into a third 
of its original bulk, its pressure is treble; when com- 
pressed into a fourth of its original bulk, its pressure 
is quadrupled ; and generally the pressure varies in- 
versely as the bulk into which the gas is compressed. 

80 in like manner if the volume be doubled, the 
pressure is made one-half of what it was before — 
the pressure being in every case reckoned from 0, or 
from a perfect vacuum. 

Thus, if we take the average pressure of the atmos- 
phere at 14.7 pounds on the square inch, a cubic foot 
of air, if sufieped to expand into twice its bulk by 
being platted in a vacuum measuring two cubic feet, 
will have a pressure of 7.35 pounds above a perfect 
vacuum, and also of 7.35 pounds below the atmos- 
pheric pressure ; whereas, if the cubic foot be com- 
pressed into a space of half a cubic foot, the pressure 
will become 29.4 pounds above a perfect vacui 
and 14.7 pounds above the atmospheric pressui^ 
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The speoiflo gravity of any one gas to tiiat of an- 
other will not exactly conform to the same ratio unda 
different degrees of heat and other preasmeB of tb^ 
atmosphere 

STEAM. 

The elastic fluid into which water is converted by 
the continued application of heat. 

All liquids whatever, when exposed to sufficiently 
high temperature, are converted into vapor. 

The mechanical properties of vapor are similar 
to those of gases in general. The property which is 
most important to be considered, in the case of 
steam, is the elastic pressure. When a vapor or gas 
is contained in a close vessel, the inner sur&oe of 
the vessel will sustain a pressure arising from the 
elasticity of the fluid. 

This pressure is produced by the mutual repulsion 
of the particles, which gives them a tendency to fly 
asunder, and causes the mass of the fluid -to exert a 
force tending to burst any vessel within which it is 
confined. This pressure is uniformly difiused over 
every part of the surface of the vessel in which guch 
a fluid is contained ; it is to this quality that all the 
iiKichanical power of steam is due. 

Steam might be said to be the result of a oomlii- 
natiun of water with a certain amount of heat, and 
the expansive force of steam arises from the absenoe 
of cohesion between and among the particles of water. 
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Heat universally expands all matter within its in- 
fluence, whether solid or fluid. But in a solid body 
it has the cohesion of the particles to overcome, and 
this so circumscribes its effect that in cast-iron, for 
instance, a rate of temperature above the freezing- 
point sufficient to melt it causes an extension of onl j 
about one^ighth of an inch in a foot With water, 
however, a temperature of 212°, or 180° above the 
freezing-point (and which is far from a red heat), con- 
verts it into steam of 1,700 times its original bulk or 
volume. 

Steam cannot mix with air while its pressure ex- 
ceeds that of the atmosphere, and it is this property, 
with that which makes the condition of a body de- 
pendent on its temperature, that explains the con- 
densing property of steam. 

In a cylinder once filled with steam of a pressure of 16 
pounds or more to the square inch, all air is excluded. 

Now, as the existence of the steam depends on its 
temperature, by abstracting that temperature (which 
may be done by immersing the cylinder in cold 
water or cold air) the contained steam assumes the 
state dUe to the reduced temperature, and this state 
will be water. 

But one of the most noteworthy properties of 
steam is its latent or concealed heat. The latent 
heat of steam, though showing no effect on the ther- 
mometer, may be as easily known as the sensible or 
perceivable heat 

F 



-»:•:«: zs "TT u»:*ni«rcr 



9^ Lui jd: L ^Liti Tir.ii^reiLii rr.oL zs z^i^tcc pin. 
'M 11.TI TT i*-j^7* vuL i^i:-ciKir T^^tra,. vi_iiji. sak:isjd be 

Til* Tc:»e ir:»:L litr iL'.srri '^^ssucL zli^sC 3^ 

^r z*.»ziiiii, y .-v. "LLii ifcifi^jiii :;' iciz p:<a&d to ie 
viix.'. ubs riSLl:ei siltlT ir.c. :ir ui^ksioD of 
*SursL=L y. :'^ Lz.i Hi? ji:.;!!'! :z scft^- . ibcrefore» re- 
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and yrith. each successive addition of temperature of 
between 40° and 50° the pressure becomes doubled. 

An established relation must exist between the 
temperature and elasticity of steam ; in other words, 
water at 212° Fah. must be under the pressure of 
the steam naturally resulting from that temperature, 
and 80 at any other temperature. 

If this natural pressure on the surface of the water 
be removed without a corresponding reduction in the 
temperature, a violent ebullition of the water is the 
immediate result. * 

Another result attending formation of steam is, 
that when an engine is in operation and working off 
a propcfr supply of steam, the water level in the 
boiler artificially rises, and shows by the gauge- cocks 
a supply greater than that which really exists. 

As the pressure of steam is increased the sensible 
heat is augmented, and the latent heat undergoes a 
corresponding diminution, and vice verm. The sum 
of the sensible and latent heat is, in fact, a constant 
quantity ; the one being always increased at the ex- 
pense of the other. 

It has been shown that in converting water at 32° 
of temperature, and under a pressure of 15 pounds 
per square inch, it was necessary first to give it 180° 
additional sensible heat, and afterwards 966.6° of la- 
tent heat, the total heat imparted to it being 1146.6°. 
Buchy then, is the actual quantity of heat which 
must be imparted to ice-cold water to convert it v 
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steam. The actual temperature to which water 
would be raised by the heat necessary to evaporate 
it, if its evaporation could be prevented by con- 
fining it in a close vessel, will be found by adding 
32^ to 1146.6°. 

It may, therefore, be stated that the heat neoossarj 
[\tr the evaporation of ice-cold water is as much as 
would raise it to the temperature of 1178.6°, if iti 
evaporation were prevented. 

If tne temperature of red-hot iron be, as it is sap- 
posed, 800° or 900°, and«that all bodies become in- 
candescent at the same temperature, it follows that 
to evaporate water it is necessary to impart to it 
400° more heat than would be sufficient to render it 
red-hot, if its evaporation were prevented. 

It has been asserted, in some scientific works, that 
by mere mechanical compression, steam will be con- 
verted into water. This is, however, an error, since 
steam, in whatever state it may exist, must possen 
at least 212^ of heat ; and as this quantity of heat is 
sufficient to maintain it in the vaporous form under 
whatever pressure it may be placed, it is clear that 
no compression or increase of pressure can dim^fi^*^ 
the actual quantity of heat contained in the steam, 
Mud it cannot, therefore, convert any portion of the 
*teani into power. 

Steam, by mechanical pressure, if forced into ■ 

**>uiulshed volupie, will undergo an aug;nieiitaftMD 

of temperature and pressure, the incnaae of 
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lemperature being greater than the diminution of 
volume; in fact, any change of volume which it 
undergoes will be attended with the change of 
lemperature and pressure indicated in the table on 
pages 91, 92. 

The steam, a^r its volume has been change<l, 
will assume exactly the pressure and temperature 
which it would have in the same volume if it were 
immediately evolved from water. 

Now, let us suppose a cubic inch of water conr 
verted into steam under a pressure of 15 pounds 
per square inch, and the temperature of 212°. 
Then let its volume be reduced by compression in 
the proportion of 1700 to 930. When so reduced, 
its temperature will be found to have risen from 15 
pounds per square inch to 29} pounds per square 
inch ; but this is exactly the state as to pressure, tem- 
perature, and density the steam would be in if it were 
immediately raised from water under the pressure of 
29i pounds per square inch. It appears, therefore, 
that in whatever manner, after evaporation, the den- 
sity of steam be changed, whether by expansion or 
contraction, it will still remain the same as if it were 
immediately raised from water in its actual state. 

The circumstance which has given rise to the 
isrroneous notion that mere mechanical compression 
will produce a condensation of steam, is that the 
veesd in which steam is contained must necessarily 
iuLve the same t«nperature as the steam itsel£ 

i 



Nl HAND-BOOK OF THE LOCOMOTIYB. 

Water while passing into steam sufiers a gretA 
onlargement of volume; steam, on the other hand, is 
being converted into water, undergoes a correspond- 
ing diminution of volume. It has been seen that a 
cubic inch of water, evaporated at the temperature 
of 212°, swells into 1700 cubic inches of steam. It 
follows, therefore, that if a closed vessel, containing 
] 700 cubic inches of such steam, be exposed to cold 
sufficient to take from the steam all its latent heat, 
the steam will be reconverted into water, and "wXL 
shrink into its original dimensions, and will leave 
the remainder of the vessel a vacuum. 

This property of steam has supplied the means, in 
practical mechanics, of obtaining that amount of 
mechanical power which the properties of the atmos- 
phere confer upon a vacuum. 

The temperature and pressure of steam produced 
by immediate evaporation, when it has received no 
heat, save that which it takes from the water, have a 
fixed relation one to the other. 

If this relation was known and expressed by a 
aathematical formula, the temperature might always 
be inferred from the pressure, or vice verso. 

But physical science has not yet supplied any 
principle by w^hich such a formula can be deduoed 
from any known properties of liquids. 

The same difficulty which attends the estaUisb- 
nient of a general formula expressing the relation 
Setween the temperatures and pressures of ■tfUBi 
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ilio attends thedetermiiuitiotn of one ezproBsing the 
idation between tlie presBore and the augmented 
vdiurae into which the water expands by evapora- 
tioin. ^ 

In the pieoeding obaervations, steam has been con< 
^ndered as receiving no heat except that which it 
takes from the water durmg the process of eyapora 
tion; the amount of which, as has been shown, if 
1146.6° more than the heat contained in ice-cold water. 
Bot steam, after having been formed from water by 
evaporation, may, like all other material substances, 
receive an accession of heat from any external source, 
and its temperature may thereby be elevated. 

If the steam to which such additional heat is im 
parted be so confined as to be incapable of enlarging 
its dimensions, the effect produced upon it by the in- 
crease of temperature will be an increase of pressure. 

But if, on the other hand, it be confined under a 
given pressure, with power to enlarge its volume, 
subject to the preservation of that pressure, as would 
be the case if it were contained in a cylinder under 
a movable piston loaded with a given pressure, then 
the effect of the augmented temperature will be; not 
an increase of pressure, but an increase of volume ; 
and the increase of volume in this latter case will be 
in exactly the same proportion as the increase of 
pressure in the former case. 

These effects of elevated temperature are common, 
not only to the vapors of all ligui Is, but also to all 



A^ zhA anai^rieftl mmoffTit of xhai isnemsmxMaam of 
nmnn or T-Aame produced ot & zi^^ai inrrfw itf 
ff«bp^rur«r(^ ^ die sune tor &I1 Tspos and ganL 
If tik« prtif^nr^ woich aut gai or vupor would haTi^ 
v«ri« it fAifvA CO ciie cexnpeimcare ox zzteldng ice^ be 
ezpr^M^l E>j lf»,f»>, eke pressare which h will re^ 
eijve for ^v^rr d<q^ree of cemperature br which it if 
raiMd will be ezprebsed br 2l>9i, or whai amoanti to 
ihit Mime, the additional pressiire produced br eadi 
AfsffThk of temperature will be the 4d0th part of iti 
prMMure at the temperature of melting ioe. 

HthtiTn which thus receives additional heat after its 
ieparation from the water from which it is evolved 
faflN Uah flailed mperheaUd deam^ to distiDguiah it 
frrmi cf/mmon steam, which is that usually employed 
in ttUam enginet, 

Hu^rn of atmospheric pressure occupies 1642 times 
i\u% vol 11 UK; of the water from which it is raised, and 
as a vm\}\(i foot of water weighs 62.4 pounds, a cubic 
foot oi' Htcum of atmospheric pressure weighs about 
.(K(8 pound. In order to exert a pressure by ita 
iiHTi) dciui wciglit of 14.7 pounds per square inch, 
HiH'h ^U'Xixw of uniform density would have to stand 
Nt. II liri^lit. of lOi miles. 

Superheated steam admits of losing a part of its 
lu'iit. without. HuiK^ring partial condensation; bat 
ntmmon Htciini iH always partially condensed, if anj 
til n of lii>4it bo withdrawn from it 



ELASV'BOOK OF THE LOOGMOTIVB. 



TABLE 

SHOWING THE VBLOCITY WITH WHICH STEAM OF PIFFBBEm 
PBKiSSUSES WILL FLOW INTO THE ATM06PHEBB OB INTO 
8TBAM OF LOWEB PBESSUBB. 



Pressure 


Velocity 


Pressure 


Velocity 


above the 


of escape 


above the 


of escape 


atmosphere. 


per second. 


atmosphere. 


per second. 


Poonds. 


Feet 


Pounds. 


Feet 


1 


540 


50 


1,736 • 


2 


698 


60 


1J77 


8 


814 


70 


1,810 


4 


905 


80 


1,835 


5 


981 


90 


1,857 


10 


1,232 


100 


1,875 


20 


1,476 


110 


1,889 


80 


1,601 


120 


1,900 


40 


1,681 


130 


1,909 



One cubic foot of steam at a pressure of 15 pounds 
per square inch weighs .0367 pound. 

Five cubic feet of steam at a pressure of 75 pounds 
per square inch weighs 1 pound. 

Seventy-five cubic feet of steam at a pressure of 
140 pounds per square inch weighs 26 pounds. 



Rule for finding the Superficial Feet of Steam-pipe 
required to Heat any Building with Steam. 

One superficial foot of steam-pipe to 6 superficial 

feet of glass in the windows, or 1 superficial foot of 

Bteam-pipe for every 100 square feet of wall, roof or 

ceiling, or 1 square foot of steam-pipe to 80 cubic f 
8» 
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of space ; 1 cubic foot of boiler is reqnized for eveij 
1,500 cubic feet of space to be warmed. 

The following table shows that the saving of fbel 
is in proportion to the increase of pressure — the ad- 
vantage of generating and using high-pressure steam 
is thereby made apparent. The table also shows 
that the last 10 pounds of additional preasure only- 
requires four degrees of heat to raise it ; whereas the 
first 10 pounds of pressure above the atmoephere le* 
quires 29 additional degrees of heat to raise it a dif- 
ference of 25 degrees. 

Hence a small accession of heat at a high tempera- 
ture produces an increase of elastic force; and a 
small abstraction of heat reduces its bulk, by the 
application of cold in the ratio of its denfflty ; prov- 
ing the advantage of clothing cylinders, steam-pipes, 
boilers, etc., with a non-conductor of heat or cold — 
a sure saving of fuel, where adopted, and more par- 
ticularly required where high-pressure steam is 
used. 

Steam, at any given pressure, always stands at a 
certain temperature, which is termed the " tempera- 
ture due to the pressure." Steam follows very nearly 
the same law that all other gaseous bodies are sub- 
ject to in acquiring additional degrees of heat. 'Hie 
law is, briefly, as follows : That all gaseous bodies 
expand equally for equal additions of temperature; 
and that the progressive rate of expansion is equal 
for equal increments of tem]>eratu)e. 
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TABLE 

■HOWIIIO THE TBHPBBATDB8 OF STBAK AT D 
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EOSSE-POWER OF 8I£AS-EKGDiEBL 

The power ^wzldt m ssam-eDgixie can Aunidi ii 

g*Si^j&IlT ti:]:r2a&=id in * buree^power." It will, 
tLrrcrorc, br i^tf^sss&iy lo make a brief explainmtion 
of wh&: is iDd&i:! bj iLe term " boise-poweiy'* and 
Low ii hs£ happeiMd that the power of a stoun- 
engine is ihns exp^resied in reference to that of horaee. 

Prior to the iniroducxion of the steam -engine, 
borges were Yery g^cnerally n^ed to fnmish power to 
p^rfoTTB various kinds of woi^ and especiallT the 
work of pumping water out of minee, raising coal, 
etc. For such purpoEee, eereral honei working 
Ujgether were required. Thus, to woik the pumpa 
of a certain mine, five, six, seven, or some ^ther 
number of horses were found neoessaiy. When it 
was proposed to substitute the new power of steam, 
the proposal naturally took the form of furnishing a 
Htr.*am-eDgiue capable of doing the work of the number 
of horses used at the same time. Hence, naturally 
followed the usage of stating the number of horses 
which a particular engine was equal to, that is, its 
" horse-jxiwer." 

Jiut HH the two powers were only alike in their 
<!quul capacity to do the same work, it became 
ufju'Hmry to refer in both powers to some work of a 
Hiniiliir character which could be made the basis of 
(!onijmriHOi). Of this character was the work of 
ling a weight perpendicularly. 
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A certain number of horses could raise a ceilAin 
weight, as of coal out of a coal mine, at a certain 
speed; a steam-engine, of certain dimensions and 
supply of steam, could raise the same weight at the 
same speed. Thus, the weight raised at a known 
speed could be made the common measure of the 
two powers. To use the common measure it was 
necessary to know what was the power of one horse 
in raising a weight at a known speed. 

By observation and experiment it was ascertained 
that, referring to the average of horses, the most ad- 
vantageous speed for work was at the rate of 2i 
miles per hour — that, at that rate, he could work 8 
hours per day, raising perpendicularly from 100 to 
160 pounds. The higher of these weights was taken 
by Watt, that is, 150 pounds at 2 J miles per hour. 
But this feet can be expressed in another form : — 
2i miles per hour is 220 feet per minute. So, the 
power of a horse was taken at 150 pounds, raised 
perpendicularly, at the rate of 220 feet per minute. 
This also can be expressed in another form: — The 
same power which will raise 150 pounds 220 feet 
high each minute, will raise 

300 pounds 110 feet high each minute. 
3,000 " 11 " " " " 

33,000 ** 1 " " " 

For in each case the total work done is the same- 
vis., same number of pounds raised one foot «ii 
minute. 
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It will be clearly perceived that 33,000 pountlflH 
niaed at the rate of one foot high in a minute, is the 
equivalent of 150 pounds at the rate of 220 feet per 
minute (or 2i miles per hour) ; and it wil] be fully 
uaderetood how it ia that 33,000 pounds, raised At 
the rate of one foot per minute, expreseea the power 
of one horse, and has been taken as the standard 
measure ol' power. 

It has thus happened that the mode of designating 
the power of a steam-engine has i)een by " horse- 
poorer," and that one horse-power, espreased is 
pounds raised, is a power that raises 33,000 poundi]| 
one foot each minute. This luiit power is now UBi> J 
versally received. Having a horse-power expresaed I 
in pounds raised, it was easy to state the power of fel 
Btcam-engine in horse-power, which was done in tliel 
following manner : 

The force with which ateam acts is usually € 
pressed iu its pressure in pounds on each square ii 
The piston of a Itigh-pressure steam-engine 
the action of the pressure of steam from the boileTt 
on one side of the piston, and of the back action of 
the pressure due to the discharging steam, on the 
other side. 

The Power of the Engine.— The difference betweeo 
the two preesures ia the effective pressure on the 
piston 1 and the power developed by the motion uf 
the piston, under this pressure, will be according to 
ihe numl>^ of square inches acted on and the speed 
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per minute which the piston is assumed to move. 
Thus, let the number of square inches in the area 
of the piston of a steam-engine be 100, the effec- 
tive pressure on each square inch be 60 pounds, 
and the movement of the piston be at the rate 
of 300 feet per minute, then the total effective 
pressure on the piston will be 100 x 60 =» 6,000 
pounds, and the movement being 300 feet per minute, 
the piston will move with a power equal to raising 
1,800,000 pounds one foot high each minute, (ah 
6,000x300 is 1,800,000,) and as each 33,000 pounds 
raised one foot high is one-horse power, then the 
power of the engine is 54-horse. 

Now, if this power is used to do work, a part of it 
will be expended in overcoming the friction of the 
parts of the engine and of the machinery through 
which the power is transmitted to perform the work. 
The calculation made refers to the total power de- 
veloped by the movement of the piston under the 
pressure of steauL 

The number of feet travelled by the piston eaoh 

minute is known from the length of the stroke of 

the piston in feet, and number of revolutions of 

engine per minute, there being two strokes of the 

piston for each revolution of the engine. When 

these three facts are known, the power of an engine 

call be readily and accurately ascertained, and it is 

evident that, without the knowledge of each of the 

beta, viz., square inches of piston, effective press 
G 
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cm each square inch, and movement of piston p^ 
minute, the power cannot be known. 

If it becomes necessary to state the power of an 
engine, then the three facts named above, viz., num- 
ber of square inches of piston, effective pressure per 
square inch per stroke of piston, and speed of piston 
must be known or assumed, and when known or as 
Bumed, the horse -power can in that case be ascer- 
tained, as explained above. 

There are three kinds of horse-power referred to 
in connection with the steam-engine— nominal, indi- 
cated, and actual. 

The nominal horse-power is a power that raises 
33,000 pounds one foot high each minute, or 160 
pounds 220 feet high in the same space of time. 

The indicated horse-power designates the total 
unbalanced power of an engine employed in over- 
coming the combined resistance of friction and the 
load. Hence it equals the quantity of work per- 
formed by the steam in one minute. 

The actual or net horse-power expresses the total 
available power of an engine, hence it equals the 
indicated horse-power less an amount expended in 
overcoming the friction. The latter has two oompo* 
nents, viz., the power required to run the engine^ 
detached from its load, at the normal speed, and that 
required wlieu it is connected with its load. For 
instance, if a person desires an engine to drive ten 
maibmes, each requiring ten-horse power the mgiM 
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Bhould be of suffident size to furnish one hundred 
net horse-power ; but to produce this would require 
about one hundred and fifteen indicated horse- 
power. 

Stationary Enginea in the United States in 1870. 
— iWhole number of stationary engines in the United 
States in 1870 was 40,191, with an aggregate horse- 
power of 1,215,711. 

Rule for finding the Horse^power ofSkdicnary Enginea. 

Multiply the area of the piston by the average 
pressure in pounds per square inch ; multiply this 
product by ^e travel of piston in feet per minute ; 
divide by 33,000, this will give the horse-power. 

BXAMPLB. 

Diameter of cylinder » 12 

12 

144 

7854 



Area of piston 113.0976 

Fressore, 70 ; average press., 50... 50 

5654.880 
Travel of piston in feet per min. 300 

33,00 0)1696464.0 00 

51. horse powei, 

It has been found in practice that the maximum 
pressure in the cylinders of steam-engines and loco* 
motives never exceeds | the boiler pressure. 
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THE POWER OF THE LOGOHOTIVE. 

In estimating the power of a locomotive, the term 
horse-power is not generally used, as the difference 
between a stittionarj steam-engine and a locomotiye 
IB such that while the staticmarj engine raises its 
load, or overcomes any directly opposing resistance, 
with an effect due to its capacity of cylinder, the 
load of a locomotive is drawn, and its resistance must 
be adapted to the simple adhesion of the engine, 
which is the measure of friction between the tires 
of the driving-wheels and the surface of the rails. 

The power of the locomotive is measured in the 
moving force at the tread of the tires, and is called 
the traction force, and is equivalent to the load the 
locomotive could raise out of a pit by means of a rope 
passing over a pulley and attached to the circumfer- 
ence of the tire of one of the driving-wheeh. 

The adhesive power of a locomotive is the power 
of the engine derived from the weight on its driving- 
wheels, and their friction or adhesion on the rails. 
But the adhesion varied with the weight on the 
drivers and the state of the rails. 

The tractive force of a locomotive is the power 
o^ the engine, derived from the pressure of steam on 

9* 
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ihe piston, upplied to the crank and radius of th| 



Rule for finding the Horse-power of a Lof-omoHve. . 

Multiply tilt: area of tbe piston by the pressure | 
piir Bquare inch, which should be taken aa s the \ 
boiler pressure ; multiply this product by the uiun> 
ber of revolutions per minute ; multiply tbia by twice 
the length of stroke in feet ur luches f multiply this 
produbl by 2, and divide by 33,000; the result wU^_ 
b? the p>*wer of the locomotive. 

EXAMPLE. 

Oylml.<i, 19 inches. 

Stroke, 24 " 

Diamitter <if drivers, 54 inches. 

BuhdId,-^ t'()eed, 20 miles per hour. 

Area of pixtj^n, 2S3,5 square inches. 

B"ilet prcnsnre, 130 pounds per square inch. 

Unsimum pressure in cylinders, 80 pounds. 



S3.5 X 80 X 4 X 12j X 2 

33,000 



= 681.6 horae-powor. 



^L » inc 

m 



RULES FOR CALCULATING THE TRACTIVB 

POWER OF LOCOMOTIVES. 
Rule I. ^Multiply the diameter of the cyliiidei 
inches by itself; multiply the product by tfa« 
• If in inohM they muA bf divided by IJ, ^^^^^ 
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mean pressure of steam in the cylinder in p(iund) 
per square inch ; multiply this product by length of 
stroke in inches ; divide the product by the diame- 
ter of the wheels in inches. Result equals the trac- 
tive force at the rails. 

Rule 2. — To ccUeulate the load which can be hauled 
by an engine on a level at a given speed, — Divide the 
tractive force, as per Rule 1, by the resistance m 
pounds per ton due to friction, imperfection of road, 
and winds. The quotient is the total load in tons, 
comprising the engine, tender, and train. 

Rule 3. — To calculate total resistance of engine, 
tender, and train at a given speed, due to friction, 
ete, — Square the speed in miles per hour, divide it 
by 171, and add 8 to the quotient. The result is 
the total resistance at the rails in pounds per ton 
weight. 

Rule 4. — To find the load a locomotive can havl ai 
a given speed on a given incline, — Divide the trac- 
tive power of the engine in pounds by the resistance 
due to gravity on a given incline, added to resistance 
due to assumed velocity of train in pounds per ton ; 
the quotient, less the weight of the eugine and tender, 
equals the load in tons the engine can haul on a 
given incline. 

Example, Rule I. — What is the tractive force 
of a locomotive 16 inch cylinder, 24 iiioh stioke, 4 
feet drivers, mean pressure 80 pounciA pei ^qoa^ 
inch? 



104 HAND-BOOK OF THB L000MOTIV& 

Cylinder, 16 inches 16 

16 

■ 

96 

16 

256 
PreBsnre in pounds, 80.. 80 

20480 
Stroke, 24 inches 24 

81920 
40960 

Drivers 4 ft. or 48 in 48) 491520 

10240 lbs. tracdTe 

2000) 10240 lbs, tractive fbroe. 
5^ tons. 

Example, Rule 2. — What load can a locomotiye, 
16 inch cylinder, 24 inch stroke, 4 feet drivers, meaii 
pressure 80 pounds, haul on a level at 30 miles per 
hour? 

Tractive force, obtained as in Bule 1, is 10240 Ibt. 

Velocity per hour, 30 miles. 

80 13.26)10240 

80 772i load fanom 

171 )900 

Jiesistance in 5.26 • 

lbs. per ton, 8 

18.26 
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ExMnpto, Ral* 4. — Wlut Joad can r locomotive, 
36 indi cjlioder, 24 iodi stioke, 4 ftrt driven, mean 
prenura SO ponnda, hanl on a grade of 132 feet to 
the mile at 80 miles per hoar f 

Tncdve force, obtained as in Bnle 1 10240 Ibe 

Reditanoe, in lb*, per ton, dne to grav- 

. Va (MeTableorOradienta) 66 

Uaautanoe, In Ibe. pw ton, due to &ic- 
tion, windi, etc 18.26 

TMal redaUnoe in Ibe. perton 69.26 

Tnu^ve fbrce. divided by total reciHt^ 1 69.8 6)10240.00 

anoe eanala load, in tooi, engine [-' 147.88 

can hanl, IcM en^e and tender... ) 

Wright of engine Kod tenderin tooa fiS.66 
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Rate of Gradient— 
Blfle in fiiet per utile. 

Betiatanoe io poande 
per ton of train 


Foet 

r 

112 


25 
211 

lbs. 

89! 


Feel, 

176 
lb.. 
74( 


35 
151 

Ibi. 

64 


40 
132 

lbs. 

56 


117 

llB. 

60 


Feet 

60 
105 

ttm. 

46 



Beddqnee, dne to gravity on any incline, in pounds p«r 
Inn, of Ix^, equals 2240 divided by rate of gradient. 

KX AMPLE. 

UraiimlafriMoil foot in 20 feet. 2240 grow ton 



iinlba.per ton... 



20)2240 
112 
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The power of an engine may be roughly oompul ^ 

by calling it equal to | of the weight on the drivin^c^ ^o 
wheels, when the rails are wet or perfectly di -^'H 
Dampness or grease on the rails lessens the adhed^" -^^^ 
power of locomotives, as it is well known that tWl-J^ 
adhesion of engines is less in the neighborhood '-"^ ^ 
depots and stations than it is out on the road, 
arises from the quantity of oil that finds its w 
from the locomotives to the rails at filing stations.^ <^^ ' 

Adhesive Power of Locomotives per ton of Locbd on 

Driving-ioheeU, 

When rails are dry 600 lbs. per ton. 

« " " wet , 550 ««««'• 

•« " " damp 450 " " *• 

Foggy weather 300 " " •• 

Ice or 8no¥ry weather 200 " «• •* 

Rule for finding the Power of a Loeomctim, 

Cylinder 18 inches. 

Stroke 22 " 

Running speed 20 miles per hour. 

Bteam pressure in 

boiler 125 lbs. per square inch. 

Maximum pressure in 

cylinder 60 lbs. per square inch. 

Revolutions 1 25 per minute, 20 miles per hour 

Area of piston 254.4 square inches. 

254.4 X 60 X 44 X 125 X 2 .« . , 

S3500X 12 = ^^ to«epa«r. 
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PROPORTIONS OP LOCOMOTIVES ACCORDING 
TO BEST MODERN PRACTICE. 

Diameter of cylinders .... 9 inches. 



Length of stroke . 
Diameter of drivers 
Wheel-base . 
Capacity of tank . 



16 
36 
6ft. 6 
250 gallons. 



ti 

tt 

It 



Weight of Engine in Working Order, 
25,000 pounds. 

LOAD, 

In addition to Weight of Engine, 

On a level 565 gross tons 

** 20 feet grade per mile 
40 
60 
80 
100 



M 

ti 



u 

t€ 
€i 
€t 



« 
it 
t€ 
it 




ii 
ii 



265 


u 


170 


M 


125 


U 


100 


tt 


80 


it 


10 inches. 


20 


ii 


54 


a 



Diameters of cylinders 
Length of stroke 
Diameter of drivers 

Four-wheeled Truck with centre-hearing Bolster. 

Diameter of wheels . . . 24 inches. 

Wheel-base .... 16ft. 3J " 
Capacity of tank . . . . 900 gallons. 

Weight of Engine in Working Order, 

On driven 23,000 pounds. 

** tracks 15,000 



it 



Total weight of engine 



88.000 
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LOAD, 

In addition to Engine and Tender, 

On a level 550 groflB toai 

'' 20 feet grade per mile . . 250 " 

u ^ u a u iQQ a 

" 60 " " " . . 115 " 

* 80 " " * . . 85 « 

' 100 " « " . . e5 ** 



Diameter of cylinders • • . 11 inches. 
Length of stroke . ... 16 '' 
Diameter of drivers . ... 86 '' 

Two-wheeled Truck with Swing Bolster and RadHvM bat* 

Diameter of wheels . ... 24 inches. 

Wheel-base lift. 8 inches. 

Rigid wheel-base . . . . 4" 8 " 
Capacity of tank .... 400 gallons. 

Weight of Engine in Working Order, 

On drivers 85,000 pounds. 

" truck 5,000 '* 



Total weight of engine . . .40,000 

LOAD, 

In addition to Weight of Engine, 

On a level 785 groai tm 

** 20 feet grade per mile . . 870 " 

" 40 " " " . . 240 * 

" 60 " " " . . 175 « 

a ^ u u u . . 185 •• 

• 100 " " «. . . 110 « 
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of cylinders 

'atroke 

of drivers . 



12 inches. 
22 " 
64 to 60 " 



"-wheeled Tmek wUh centre-hearing Bolster. 

of wheels . . . . 24 to 26 inches, 
je ^ 18 ft. 1 " 

Tender on two fowMifheeted Trucks. 
)ftank .... 1200 galloiis. 

Weight qf Engine in Working Order, 

I 28,000 pounds. 

16,000 ** 



^ht lyf engine 



44,000 



u 



LOAD, 

In addition to Engine and Tender, 
A 665 gross tons. 



set grade 


per mile 


306 


u 


« « 


u 


190 


u 


(( u 




136 


• li 


it (( 




100 


« 


a «< 


«< 


76 


« 



of cylinders .... 13 inches 

stroke 22 to 24 ** 

of drivers . . . . 66 to 66 " 

sefed centre-bearing Truck, wUh Swing Bolster, 

of wheels . . . . 24 to 30 inches 

»e 20 ft. U " 

eel-hase (distance hetween 

•wheel centres) . . 6 " 6 ** 
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Tender on two four-wheeled Thickt. 
Capai'ity oftank . . . . . 1,400 gallooiL 

Weight of Engine in Working Order, 

Ondriyers 30,000 poonda 

On truck . ... . . 20,000 *^ 

Total weight of engine . . . 60,000 " 

LOAD, 

In addition to Engine and Tender, 

On a level ..•••. 710 groaa tOMb 
" 20 feet grade per mile ... 825 ** 

a 4Q a a a a ^ ^ 200 " 

u g0 a a a a ^ ^ ^ j4q « 

" 80 " " " "... 106 " 

" 100 " " « " . . , go « 

Diameter of cylinders . • • • 14 Inchei 

Length of stroke 22 to 24 " 

Diameter of drivers . . . . 56 to 66 " 

Four-wheeled centre-hearing Truck, with Swing Bolder, 

Diameter of wheels . . . . 24 to 80 incheii 

Wheel-base 20 ft. 7t " 

Rigid wheel-base (distance l>etween dri- 
ving-wheel centres) . . . . 7 " 

Tender on two four-wheeled Trucks. 
Capacity of tank 1,600 gallona. 

Weight of Engine in Working Order, 

"M drivers 86,000 poondt 

truck 20,000 " 

j/ irei^riit of engine • WfWO • 
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LOAD, 

In addiHon to Engine and Tender. 

On a level 835 groas toiiB. 

** 20 feet grade per mile ... 380 " 
•c 4^ a a it u 240 " 

" 60 " " •^ " . . . 170 " 

" 80 " " " " . . . 124 

« 100 " """... 100 " 

Diameter of cylinders .... 15 inches. 

Len^h of stroke 22 to 24 '' 

Diameter of drivers . • . . 56 to 66 " 

Four-wheeled centre-hearing Ihtci, with Swing Bolster, 

Diameter of wheels . . . . 24 to 30 inchea 

Wheel-base . . . ... 21 ft. 8 " 

Rigid wheel-base (distance between dri- 
ving-wheel centres) . . . . 7 " 8 " 

Tender on two four-wheeled Thicks, 
Capacity of tank 1,800 gallons. 

Weight of Engine in Working Order, 

On drivers 39,000 pouncis. 

On truck . . . . . . 21,000 " 

Total weight of engine .... 60,000 *' 

LOAD, 

In addition to Engine and Tender, 
On a level . . . . . . 930 gross tons. 

•* 20 feet grade per mile . . .430 <' 
«« 40 " una , , , 270 " 
•< 60 " a a a , , ,^90 u 

•« 80 " " " V . .140 ** 

U2C0 '' ^ '^ '' . . . 110 « 



US 
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Diameter of cylinders .... 16 inchflfl 

Length of stroke 22 to 24 '' 

Driving Wheels, 

Bear and front pairs, with flanged tires . 5^^ in. wida 
Main pair, with plain tires ... 6 '' 
Diameter of drivers . . . . 48 to 64 " 

Four-wheeled centre-bearing Trucks with Swing Boltier. 

Diameter of wheels . . . . 24 to 26 inchef 

Wheel-base 28 feet 

Rigid wheel-base (distance between cen- * 

tres of rear and front drivers) . . 12 feet 1 inch 

Tender on two four-wheeled Trucks, > 

Capacity of tank 1,600 gallons. 

Wdghi of Engine in Working Order, 

On drivers 51,000 pounds. 

On truck 16,000 " 



Total weight of engine . 



. 67,000 



<• 



LOAD, 

In addition to Engine and Tender, 

On a level 1,280 gross tons. 

" 20 feet grade, per mile 



U 4Q u 

" 60 " 

" 80 " 

" 100 " 



n 



Diameter of cylinders 
Length of stroke 
Diameter of driven 




670 


M 


860 


it 


260 


it 


196 


i€ 


166 


i€ 


17ineh( 


22 to 24 


U 


66 to 66 


U 



fS-9 »• ■ 
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JWi'i whvMl c m Ur e 4 eaH$ig Thtck, with Swing BoUUr. 
ofwbeeli • • • . 24tod0inoh€ 

-bsse . • • • • . 22 ft. 61 ** 

wheel-base (dilitance between 
driTiog-wheel oentras) . • • 8 feet 

Ikndet en hoofour-wheekd Thteki. 
of tank . . . • * . 2,000 gallouB. 

Weigh$ qf Engine in Working Order. 

driTOB 45,000 pottncb 

traek 25.000 



weight of engine • 



. 70,000 



u 



tt 



LOAD, 
£n addUian to Engine and Tender, 
a level . • . • . 1,075 gross toni 



SO feet grade 


per 


mile . 


. 495 


it 


40 " " 


41 


it 


. 310 


tt 


60 " " 


U 


tt 


. 220 


tt 


80 " •* 


it 


tt 


. 165 


tt 


100 " " 


tt 


tt 


. 130 


tt 






^^ftOPORHONS OP DIPPERENT PARTS OP L 
OOMOIIVES, AGGORDmO TO BEST MODEB 
PBACTIOE. 

In looomotive engines, the diameter of the cylitid 

^ErifiB leas than in either stationary or marine e 

ginea. The range, with few exceptions, is betwe( 

10 Jind 20 inches. 

10* ff 
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Crlindfu. 












8 in 




12 id. 


5 in. 


16 in. 


6 in. \ 




9 " 


«" 


13 " 


6 " 


17 " 


6" \ 




10 " 




14 « 


5 " 


18 " 






11 « 


*i" 


15 " 


6 « 


20 " 
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Crllii4«r, 




BUml. 


Cjl^'der. 


"isr 






8 in. 


1 in. 


iin. 


15 in. 


2 in. 


lti»- 




9 " 


1 " 


f" 


16 " 


2 C.eng 


U" 




10 " 


1 " 




16 " 








11 " 

12 " 


2 " 
2 " 


IJ". 


17 " 

18 " 


3 « 


It" 




13 " 


2t" 


is: 


19 " 


&i " 






14 " 


2t" 


20 " 


8i ■• 


2 " 








WlUD^lBr 


Dl^BUr 




DIaineWf 


Diimeter 


DUnote'^' 


















CjUcder. 




Cylinder. 






PltlDgB*-- 




Tin. 


1 in. 


12 in. 




in 


16 in. 


Ifia. 


8 « 




12 " 






18 " 


2 - 


9 " 




13 " 








U" 




10 " 




14 ■■ 






17 " 






U " 




14 " 






18 « 


li: J 




11 " 


H" 


15 " 




" 


20 " 
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DIanieler 
































Hm. 








7 in. 


2(in 


12 in. 


3 iL. 




!t^ 1 




8 " 




13 " 


3 " 






9 " 




14 " 


18 " 


f • 1 


' 10 " 


3 " 


15 " 


^i- 


19 " 


V i 


I 


11 " 


3 " 


16 " 


SO " 
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.?sr 
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Sin. 


1 in. 


12 in. 
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16 In. 


2 in. 
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1 « 


13 " 


2 « 


17 " 


2 " 
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1 " 
1 " 
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2 " 
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11 " 


16 " 


2 « 


20 " 
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SH 
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3* 
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Dbmeter 
Cylfiider. 


ofJoumHli 


LeDEilior 


Cyliniler. 


pu"'™^ 
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4 in. 


43 in. 


14 in. 


6 in. 


61 in. 
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5 " 


15 " 
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Average I^'cpariions of Different Parts of Locomoiwes. 

Area of steam -ports equal to ^ area of cylinder. 
Area of exhaust-port equal to \ area of cylinder. 
Area of main steam-pipe from } to ) area of cylinder. 
Diameter of piston-rods j^ the diameter of cylinder. 
Diameter of crank-pin } the diameter of cylinder. 
Diameter of valve stems ^g the diameter of cylinder* 
Diameter of pump-plunger } the diameter of cylinder. 

RULES. 

Rule. — To find the Size of the Steamrporta for Logo* 
motive Engines, — Multiply the square of the diameter 
of the cylinder by .078. The product is the proper 
size of the steam-ports in square inches. 

Rule. — To find the Area of Exhaust-ports, — Mul- 
tiply the square of the diameter of the cylinder in 
inches by .178. The product is the area of the educ- 
tion ports in square inches. 

Rule. — To find the Diameter of the Steamrpipe of 
Locomotive Engines. — Multiply the square of the 
diameter of the cylinder in inches by .03. The pro- 
duct is the diameter of the steam-pipe in inches. 

Rule. — To find the Diameter of the Piston-rod for 
Locomotive Engines. — Divide the diameter of the 
cylinder in inches by 6. The quotient is the diam- 
eter of the piston-rod in inches. 

Rule. — To find the Diameter of the Crankrpin for 
Locomotive Engines. — Multiply the diameter of the 
cylinder in inches by .234. The product is the d«* 
ameter of the crank-pin in inches. 



Rule.— To find the Diamder of the Feed-j 
flam.— Multiply the square of the diameter of th« 1 
cylinder in iaches by .0083. The product is the di- 1 
ameter of the ram in inches. 

LOCOMOTIVE BUILDINa. 
Though locomotive biiildiug has long ceaaed to fa 
uonaidered an art, yet it requires the utmost attui- 
lioD in respect to general design, construction, and 
the BclectioQ of materials; and for this reason all 
the principal parte are made according to accurate 
drafts, templets, and gauges in their respective de- 
partments before bemg taken to the erecting shop to 
be united in the coustruction of the engine. 



OONSTRDCnON OP LOCOMOTIVES. 

The boiler is first placed horizontal on the constru©- 
tion track, and levelled by the dome top. 

The cylinders are next placed under the front end 
of the boiler, with the smoke-box resting in the Bad- ' 
dies of the cylinders. The cylinders are then levelled 
hy their valve seats. 

Liuea are now accurately drawn through the c 
tre of the cylinders to the back end of the boiler, and 
the frames set up temporarily according to the linea 
drawn through the cylinders. 

The frame gauges are uext placed on the tramea, 
for the purpose of holding them in thmr right pea- 
tjon and proper dutance apart. ^^ 



.i 

d 
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• 

lines are again drawn through the centre of (he 
cylinders to the back end of the frame, for the pur- 
jK)se of determining if the frames are parallel at both 
^nds, and with the cylinders. 

Straight-edges are now laid across the top of the 
.frames, to determine whether the frames are level or 
ot, and also if the distance from the top of the frame 

the centres of the cylinders corresponds exactly. 

The distance between the frames and the shell of 

e boiler is next measured, to ascertain the thickness 
I the liners. 

The Aimace-pads are then placed in position and 

arked, counter-sunk, or planed to correspond with 

e ends of the stay-bolts on the outside of the fur. 

iCe sheet, and also to stand parallel with the outside 

the frames. 

The cylinders are next bolted to the smoke-arch, 

d the frames to the cylinders. 

The foot-pJate is now placed on the frame, at the 
V>a.ck end of the boiler; also, the back furnace 
braces and crjss-ties fitted, drilled, and bolted to their 
if«8pective places. 

The waste-shqpt is then attached to the waste of 
tihe boiler, and the guide-braces and guide-bearers 
Xliade fast to the boiler and the frames. 

The guides, cross-heads and back-heads of cylin- 
ders are next put on, and the pistons inserted in the 
flinders and keyed to the cross-heads. 

The smoke-box braces are then fitted and drilled, 
'^d the centre casting bolte / to the fmoke-box. 
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The flues, steam-pipe, throttle-pipe, throttle-valve, 
and arch-pipes are next placed in the boiler, and the 
■afetj-valves and whistle-stand attached to the steam 
dome. 

The boiler is then put under steam for the purpose 
of determining if it leaks or needs caulking. Thcu 
the boiler, cylinders, and steam domes are lagged and 
jacketed. 

The frame is now jacked up, the driving-wheela 
placed in the pedestals, the boxes secured by mean» 
of keys and wedges, and the pedestal caps put on. 

The rocker boxes are next bolted to the frame, an 
the rocker shafts placed in their proper positions 
The rockers and rocker boxes need to be adjua 
with a great deal of accuracy, as any slight divergen 
of the rockers from correct lines would derange th< 
whole valve gear. 

The reverse shaft is then &stened on the frame b 
means of clamps, and its proper place determined 
accurate measurements ^m its centres to the oen 
of the rockers. 

The valves are then placed on their seats in 
stcam-chost, and the valve-yokes «and 
attached to the rocker-arms. 

The e(>(;entric straps and eccentric rods are 
attachexl to the links, and the link-block oomn 
with the rocker. Then everythiog is ready to iet ibm 
v.n vos. 
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8ETTINQ THE VALVES OP LOCOMOTIVES. 

Setting the valves of locomotives is perhaps one of 
the most important duties the engineer has to under- 
take, involving, as it does, nicety of calculation and 
mechanical accuracy ; and as the circumstances of 
construction, valve gear, pressure, and work to be 
done varies, it will at onoe be apparent that no one 
aniform rule for valve setting can be laid down. 

Everything being ready to set the valves of the 
locomotive, the main rods are put on, and the driving- 
wheels blocked up until the centre of the drivings 
boxes are parallel with centre of the cylinders ; the 
wedges in the driving-boxes are then set up to pre* 
vent lost motion. 

A circle is next described on the hub of the driv- 
ing-wheel equal in diameter to the width of the 
straps on the main rods; a straight-edge is now 
placed on the strap, and the wheels moved forward 
until the position of the straight-edge on the top and 
bottom of the strap is parallel with the sides of the 
circle on the hub of the wheel. 

A centre-punch mark is then made on the frame, 
ID which one point of a trammel-gauge is inserted, 
and with the other point a mark is described- on the 
iiioe of th3 tire of the driving-wheel. Another cen- 
tre-punch mark is made on the guide even with the 
end of the cross-head at its farthest travel. These 
marks represent the position of the crank and ccofr 
11 
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i at full stroke, or when the crank ie at t 
i ceiitre ou the forward motion. 



Now, if the engine is 24-inch stroke, the wheel i 
moved forward until the cross-head travels 12 
from the centre-punch mark on the end of the guide. 
The point of the trammel-gauge is now inserted in 
the centre-punch mark on the frame, and another j 
mark is described on the face of the tire of t' 
driving-whee! ; these points represent the positioB 4 
the crank and cross-head at half-stroke. 

The wheel is again turned lorward until the d 
centre is reached, or until the lines on the top a 
bottom of the strap correspond with the circle on thij ' 
bub of the wheel ; here another mark is made ou the 
guide at the end of the cross-head. At ihia point 
also another centre-punch mark is made on the frame, 
and with the tram a mark is described on the face 
of the tire as before. 

The wheel is then turned forward until the cross- 
head travels 12 inches from the lai^t mark made od 
the guide. Then the point of the tram is inserted In 
the centre-puncli mark on the frame, and anothet 
mark described on the lace oi' the tire of the driving- 
wheel. Now, these four marks will represent t 
£mr oeatrea of the wheel, oa that aide. 
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The wheel is next turned until the dead centre is 
reached on the forward motion, and the reverse lever 
dropped until the di^stance between the link-block 
and the end of the link is about i of an inch, or, in 
other words, f between striking points. 

Should the lecui be right at this point, the posi« 
tion of the reverse latch is marked on the quadi*ant ; 
but if more or less than the required amount, the 
adjustment is made by moving the eccentric and 
lengthening or shortening the eccentric rods by 
means of slotted holes at the point where the rods are 
connected with the straps. But it must be remem- 
bered that the lead is always adjusted by moving the 
eccentrics, and the dividing is effected by shortening 
or lengthening the rods. 

The wheel is moved forward again to the other 
centre, for the purpose of determining if the lead is 
right at that end of the stroke ; and if it should be 
found to be more or less, the adjustment is made as 
before by moving the eccentric, and the lengthening 
or shortening is done by the rods in the slotted holes. 

The wheel is again turned forward until the cross- 
head moves 12 inches, and the valve is at its farthest 
travel. The position of the reverse latch is marke<l 
on the quadrant at this point, which gives the full 
opening of the port when the link is in full gear. 
The intermediate points of cut-off are then marked 
on the quadrant, which, for an engine 24-inoh stTok!b^ 
Bie generally 6, 9, 12, 15, 18. 



1)4 HAin>-BOOK OF THB LOOOMOUVX. 

lu setting the valves of locomotives, care mus^ ^ 
taken to turn the wheel fortoard for the jww^^^^ 
tnoUan, and bcxk for the bcLckward moHon. 'M^^ 
notches on the quadrant for the backward mot>^^^^ 
are determined in the same way as for the fb iw^n^ 
motion, but there is generally one more notch for " ^^ 
forward than for the back motion, for the reason t— -£^* 
the forward motion is more used. The position ^^ 

the out-notch is determined by moving the reve^^^^ 
lever until the valve is in the centre of its tmrrl^ i^ ^' 
until the link-block is directly under the saddU, 

The eccentric straps are next taken off and 
holes drilled for the bolts that form the 
connection between the straps and the rods. 
positions of the eccentrics on the driving-axles 
next marked with a diamond-pointed chisel, the 
screws slackened, and the eccentrics moved out 
the purpose of slotting the axles for the foathers. 

The feathers are next inserted in the axles, and 
ecceli tries forced back to the same position they 
pied before being marked with the diamond-poini 
chisel ; the forward eccentric being generally pi 
on the inside. The set-screws are now screwed 
The set-screws for the eccentrics of looomotiveB 
generally concaved and case-hardened on the p<nnl 

The eccentric straps and rods are next put on 
connected with the links; after which die S] 
are mounted, all the minor details of oonstractiflR^ 
and a«ijustment finished up, and the ffliginft paints^ 
juid made ready for the road. 
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DEAD WEIGHT OP LOCOMOTIVEa 

The idea of lessening the " dead " and inc 
the " paying " weight of locomotives, by utilizing r 
weight of fuel and water, and the tanks for ilie sarr*^ -•.tae^ 
early suggested itself to railroad mechanics. 

An ordinary eight-wheeled American locomoti^ 
with four 5-feet driving-wheels, and 15x22 in*-^^""^^ 
cylinders, weighs, -in working order, about 68,0^^^*^ 
pounds, of which about 36,000, or less than two-thinr:^'** 
is carried on the driving-wheels. A four-wheels ^^^^I 
switching engine, which weighs 18 tons, has all i2^ ] 

weight on the driving-wheels,* and consequently wii^""^^*^ 
draw as many cars as an eight-wheeled looomoti^^"-^*^^ 
weighing 29 tons. 

The tender of such an engine will weigh 2O,00C-V*'^ 
pounds empty, and will carry 1,800 gallons of wate^^^^^ 
and three tons of coal, making a total weight oc^--^^* 
41,000 pounds. And as the supply of ^el and wate^-^ ^ 
varies very much, the tank being sometimes full bu^:-^ *** 
very seldom empty, it would be about feir to coun ^^^^^ 
two-thirds of the water and coal as the average weigh' -^^-^^ 
carried. Therefore the average weight of the 
will be 34,000 pounds, which, added to that on tb 
truck of the engine, would make the total iead weigi 
of the locomotive and tender 56,000 pounds. 

The great difficulty heret«:)fore in the way of !♦ 
ducint^ the "dead weight^' of locomotive enginei^ 
would seem to arise from the t ecessity of vudng laige 




9 
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it upou its boLer capacity ; and as large 
uuat of necessity be accompanied by weight 
rtion to their size, the tlieory of reduction of 
ight, in engiiiee, seems to be reduced to two 
LOOS, viz., lighter boilers or lighter parts. 
I the nominal adhesion of the standard eight- 
Lmerican en^ne is often insufficient as at 
constructed, hence it follows that if the weight 
rially reduced, a large proportion of the r» 
weight must be placed upon the driving- 

us new syetems ^nd theories have been urged 
int timee with a view of lessening the " dead " 
reading the "paying" weight on railroads. 
gines seem to ofier the most practical solution 
troblem involved in the reduction of dead 
is the tender can be, to a certain extent, dis- 
tcith, and the weight of the water and fuel 
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in mind that thero is a good deal of UDnecessary 
penae involved in hauliog Urge weights of fuel 
water over long distances on tenders. 

The locoTiioHve represented on page 125 
especially desigued to overcome the evil abovfl 
mentioned. By this plan not only is all thfl 
weight of the boiler and machinery carried by the 
driving-wheels, but by extending the frame beyond 
the fire-box far enough to receive the tank, and 
placing a truck underneath to carry the weight of 
water and fuel, a long wheel-base is secured, which 
adjusts itself to the curvature of the track, while at 
the same time the whole weight of the engine and 
boiler is carried on the driving-wheels. By this 
means the galloping motion common in tank engines 
IB obviated, aod the steadioeaa of an ordinary eight- 
wheel locomotive is attained. 

The lank engine described in the above paragraph 
has been designed to run with its truck ahead ; and 
aa one of the essential features of the plan is to carry 
the boiler and machinery, whose weight is permanent, 
on the driving-wheels, and the water and fuel, which 
are variable, ou the truck, therefore, running the loco- 
motive in this way reverses the positions of the dif- 
ferent parts, and brings the boiler, smoke-stack, etc, 
behind, which is claimed to be an advantage, as when 
a locomotive runs with tlie snioke-box ahead, the 
smoke in the tubes moves in the same dire<:tion as the 
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movement of the latter retards the draft in the 
tubes. 

It is also asserted that there is an advantage in 
having the water-tank in front, and the boiler and 
smoke-stack behind. The view of the track is thus 
entirely unobstructed, and there is no liability of its 
being obstructed by smoke or escape steam. This. 
cabs of tank engines of this plan can be entirely 
dosed up in cold weather, as it is not necessary to 
keep a communication to a separate tender open, as 
^n ordinary engines. 

tablf: 



OWINO THE NUMBER OF BEV0LUTI0N8 FEB MINUTB 
MADE BY DRIVEBS OF LOCOMOTIVES OF DIFFEBENT 
DIAMETERS AND AT DIFFEBENT SPEEDS. 



DriTing wheel 


Speed in Miles per Hour. 


Revolu- 
tions per 
MUe. 


Diameter. 


20 


25 


30 


35 


40 


50 


4 ft. in. 


140 


175 


210 








420 


4 i. 3 ii 


132 


165 


198 






u 


395.6 


4 " 6 " 


124 


156 


186 






%, 


373.6 


. 4 " 9 " 


118 


148 


177 


207 


' 


S» 


354 


6 ** a " 




140 


168 


196 




O 3 


336 


6 " 3 " 


1? 


134 


160 


187 




Is 


320.2 


6 " 6 " 


■< 

b-2. 


128 


153 


179 


204 


> 


305.9 


6 " 9 " 






146 


170 


195 


fii 


292.3 


6 " " 






140 


163 


187 




280.3 


6 " 3 " 


1 




135 


157 


179 


224 


269 


6 " 6 " 




129 


150 


172 


216 


258.6 


7 « " 






120 


140 


160 


200 


240 
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NARROW-GAUGE FAIRLIE LOCOMOTIVE. 
The above cut reiirescnta one of " Mbboh's Narmw-fJaiige " 
Furlie Locomotivefl. On iJiis cloaaof engines llie Unk i* 
bolted to the boiler, and rents on two IriirkH with centre- 
pins, which enablefl it to pass around sharp mirvea with ease. 
The steam-pipes linve gronnd jointly, and turn in tlieir M>eket 
when the engine in going around a curve. 



Number of Locomotives in the United States,-^ 

Whole number of lorn motives in use in tlic UdI 
States at tlie dose of 1873 was 14.200. 

Age of Locomotives. — Locomotives Nos. 1 mi^ 
built by Braithwaite & Co., I>ondon, England, 18] 
or nine years after George Stephenson's " Rockel 
waa placed on liie track, are still niniiinB 
Reading Railroiid, at Poii; Ricbmond, Philuildplii 

Number of Miles Run by Locomotives.- ~ 
gine No, 49 on the Reiidiiii; Railroad, fron ' 
Ist, 1857, to Novrtnber 1st, 1873. 4' ~ 

Number of Miles Run h\ 
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Yeir. — Engine 46 on the Pittsbui^, Fort Wayne and 
Chicago Railroad, in 1872, 44,500 miles. 

Avenge number of miles run in one year by pas- 
eenger and express locomotives was 26,000. 

Speed on Rflilroads. — The highest speed ever 
attained in this country, or perhaps in the world, and 
continued for any length of time, is that made by the 
Newspaper Express between New York and Phila- 
delphia, the run of 93 miles being made daily in 1} 
hours, including four stoppages. 

SpMd on English Railrotds. — The ftstest speed 
ever attained, and continued for any length of time, 
by passenger and express locomotives on English 
railroads, was 50 miles per^hour; the avert^ speed 
being about 35 miles per hour. 

Aver^^e speed of freight locomotives in England, 
about 15 miles per hour. 

Averse speed of freight locomotives in the 1Jmt«d 
States, about 12 miles per hour. 

Heavy Locomotives. —The largest locomotive in 
the world is the " PennBylvania," on the Reading 
Railroad. Diameter of cylinders, 20 inches ; stroke, 
26 inches; number of driving- wheels, 12; diameter 
of drivers, 4 feet ; weight of engine alone, 60 tons. 
The heaviest locomotives in Europe nre the Ibur- 
tylinder freight engines on the Northern Railway of 
Cylinders, 18 inches; stroke, ISinchea; 12 
irheela, 42 inches diameter ; weight of loco- 
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STEAM PORTS. 

n n t he earn ports rank next in 

I I tr D the r control) ng ufla- 

I [ r ] r n of the valve wat and face. 

[ dered as a base from wh ch 

\ e L. are denved n conform ty 
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t ) e 1 greatly upon the manner in 

] re en pin ed whether s n ply for 

o I e rrl nder or for purpoaea 

t the port 8 properly dea gned, 

tl pr-«.urew II be sueta ned at sub- 

q a t ty br the flow of ateam 

But th the exhaust the case la di£ 

n forced nto the atmoqifa«re wrili 

- diininisbiug prenun and 1 
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Vinien a small travel of the valve is" essential, the 
length of the port should be made as nearly equal to 
the diameter of the cylinder as possible. 

The following table will show the proper area of 
8team-ports and steam-pipes for different piston speeds, 
as it is assumed that for average lengths of pipe the 
area increases as the speed, and that a higher speed 
is usually attended by increased pressure : 

(By permission, from Auchincloss' '' Link and Valve Motions.") 



Speed of Piston. 


Port Area. 


steam-pipe Area. 


200 feet per minute. 


.04 area of piston. 


.025 area of piston. 


250 « « it 


.047 " 


.032 " ■*' 


300 " " " 


.055 " " 


.039 " " 


350 " " " 


.062 " " 


.046 " " 


400 " " " 


.07 " 


.063 " 


450 " " " 


.077 " " 


.06 " " 


600 " " " 


.085 *• " 


.067 " " 


550 " " " 


.092 " " 


.074 " " 


600 " " " 


.1 " " 


.08 " " 



BRIDGES. 

The width of the bridges is usually made of equal 
thickness with the cylinder, in order to secure a 
perfect casting; but at times it becomes necessary to 
increase or decrease their width. 

The only danger from a narrow bridge is an over- 
travel of the valve, by which the exhaust passage 
woald be placed in direct communication with the 
*• Kve steam " in the chest, and followed by continual 
of the power. 

The width of bridges .fiur diffi»«at aiie cvli**' " 
^oftiTei yarMB from # »» ^ 



.-.-^.i 
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ECCENTRICS. 

The term eccentric is applied in general to all such 
curves as are composed of points situated at unequal 
distances from a central point or axis. 

Upon close inspection it appears that this is only 
a mechanical subterfuge for a small crank. 

This being so, a crank of the ordinary form may 
be, and frequently is, used instead of an eccentric — 
in point of fact, the latter is the real substitute, 
being a mechanical equivalent introduced, because 
the use of the crank is, for special reasons, incon- 
venient or impracticable. 

And since the shaft to which the eccentric is fixed 
here makes a half revolution while the piston is mak- 
ing one stroke, it follows that whatever device may be 
used for converting the reciprocating motion of the 
piston into rotatory motion, the slide-valve may be 
actuated by an eccentric fixed on any shaft which 
makes a half revolution at each stroke of the pfaton. 
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It will now be observed that the eccentric and 
valve connection is nothing more nor less than that 
of a small crank with a long connecting rod ; the 
valve will therefore move in precisely the same man- 
ner as the piston, and will have in its progress from 
one extremity of the travel to the opposite like irreg 
ularities, different only in degree. In other words, 
when the eccentric arrives at the positions for cut-off 
and lead, the valve will be drawn beyond its trut 
position — measured towards the eccentric — by a 
distance dependent on the ratio between the throw 
of the eccentric and the length of its' rod. 

When the eccentric stands at right angles to the 
crank, the exhaust closes and release commences at 
the eadremitiea of the stroke; consequently, if the 
eccentric be moved ahead 30°, not only will the cut- 
off take place 30° earlier, or at a crank-angle of 120° 
instead of 150°, but the release, as well as the ex- 
haust, will take place 30° earlier, or at the 150^ 
cr^k-angle. 

For a cut-off, say of 140°, there would be required 
an angular advance of 20°, and a lap equivalent to 
the distance these degrees remove the eccentric centre 
from the line at right angles to the crank ; for a cut- 
off of 160°, an advance of 10°, with a correspond- 
ing lap, and so on, the exhaust closure taking place 
respectively at the 160° and 170° crank-angles. 

This closure of the exhaust confines the steam in 
the cylinder until the port is again opened for 
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return stroke; coDsequently the pistoD in ita progi 
will meet with increasing reeistaDce from the steam, 
which it thus compresses into a less and less volume. 
8uch opposition, when nicely proportioned, aida in 
overcoming the momentum stored up in the 
eating pajts of the engine, and tends to bring tht 
to a nnitbrm state of rest at the end of each stroke- 
Since the closure of one port is simultaneous with 
opening of the other, a release- will t«ke the pli 
the steam which was previously impellmg the pis) 

Within certain limits an early release is prodai 
tive of a perfect action of the parts, for an 
release enables a greater portion of the steam 
escape before the return stroke commences ; whereaa, 
a release at the end of the stroke would be attended 
hy a resistance of the piston's progress, from the 
simple fact that steam cannot escape iiistantaneoualy- 
through a small passage, but requires a certain d( 
nite portion of time, dependent oi 
opening and the pressure. 

The adwtnce of the eccentric denotes the angli 
which the eccentric forms with its position at half- 
itroke, when the piston is at the commencement of 
ita stroke, and is called Angular Advance. 

ECCENTRIC RODS. 

The variable character of the lead opening, 
dufting-link motion, depends upon the 
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which its ecceutric rods are attached, and its amount 
depends on the length of those rods. 

The shorter the eccentric rods the greater is the 
front admission, and the less is the admission for the 
back. The quality of the motion derived from the 
link is modified by the position of the working cen- 
tres, and most especially of the centre of suspension 
and connection. The centre of suspension is the most 
influential of all in regulating the admission ; and 
its transition horizontally is much more efficacious 
than a vertical change of place, to the same 
extent. 

Length of the Eccentric Rode. — The length of 
the eccentric rod is the distance from the centre of 
the driving-axle to the centre of the rocker-pin, 
when the rocker stands plumb. 

Ftntnula by which to find the Positions of the Eccentric 

on the Shaft, 

First, Draw upon" a board two straight lines at 
right angles to one another, and from their point of 
intersection as a centre describe two circles, one rep- 
resenting the circle of the eccentric, the other the 
crank shaft; draw a straight line parallel to one of 
the diameters, and distant from it the amount of lap 
and lead ; the points in which this parallel intersects 
the circle of the eccentric are the positions of the 
orward and backing eccentrics. 

Secrnid, Through these points draw straight lin 
12* 
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Be ueutre of the <;ircle. and mark the icterseL'tion 
r oftheae lines with the circleof 

"^ -^ <!• ^^tik-ahat't ; measure with 

of compasses ihe chord 
of the arc intercepted between 
I either of these points aiid t''"t 
' dinmeter which is at rigiil 
angles with the crank, the. 
diameters being firet iuarke<t 
on the shaft itself; then by 
transferring with the oora- 
passes tlie distance found in 
the diagram, aud marking the 
point, the eccentric may i 
lime be adjusted without difficulty, 
(ample. — Let F G and E C be the two stc^ ■ 
at right angles to each oclier; the circle d^ 

• of tw 







A B as a radius be the end 
circle ilescriljed with AGs 
s described by the centre of the cvz^t^^,^ -» ■ 
the line parallel to E C, and '^'^t.^xx* ^\>^i 
int of the lap and lead. ^ »^ 

len if F G represents the direct\^^ 




The above clit represenbi tlie position oF the valve &t fiill 
iroke, or when the critik is at (lie dead ceutre. S, eteam 
, D, exbnuBt opLning in viilve seat ; E, exliauel cavity 
K n valve , A, lead 

THE SLIDE-VALVE. 

The elide-valve ia that part of a st<?ain-engine which 
!au8es the niotinn of the piatou to be reciprocating. 
Ct is made to elide upon a Bmooth surface, called the 
^alve seat, in which there are three openings — two 
r the admission of steam to the cylinder alternately, 
vhile the use of the third ia to convey away the 
Vaste Bteam. The first two are, therefore, termed the 
i-ports, and the remaining the eduction or ex- 
iUst port. 

In examining the special application of the slide- 
Valve to the steam -engine, it will be necessary to con- 
Vnder what the requirements of the engine are ; for the 
1 valves, of whatever kind, being to that machine what 
f the'lunga are to the body, must necessarily be so acta- 
^aied aa to reflate Che admissioa and escape of tlt9{ 
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Bt«am, ik'hich if it^ breath, in accordance with I 
conditiotis iniposetl by the motiou of the piston. 

The valve may be ^id to be tile vital priliciplel 
the etigiDe. It coiitrols the outlet to the coal f 
wood pile. It is, therefore, of the highest import 
tliat it should work practically uader all circiu 

Now the admisaioD of steam is one thing and | 
escape is another, aud though bjth may be regular 
by what is called uue valve, because it is made in a 
piece, yet this is not by any means necessary. 
separate valves may be, and sometimes are, eraplon 
in atalionary engines — a steam and an exhaust val 
at each end of the cylinder ; but the functions uf ■ 
these are diatinctty performed by the cummoa I 
ported slide-valve. 




^^^^^^^ •"' » »1 He cMJ^ 

i|BfP***«l Olt Kilo-s tl, ^*-^— ~..^^S 

r^'i mid-gear „,»i P°"'''0'> Of th„ 7^~^^ ■ 
P" 11>» V "'"» '«lch ,„ a, "' » ''"mh i„d„ ■ 
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centre of its travel, the opening of the port will be 
reduced, and it will be closed before the piston com- 
pletes its stroke. 

In this case, the opening of the port will be leas 
than half the travel, by as much as the valve, at the 
beginning of the stroke of the piston, varies from its 
original central position. And when the valve is at 
half stroke it will overlap the port on the opening 
edge to the same extent. 

The point in the stroke of the piston at which the 
port will be closed and the steam cut off, will depend 
upon the angular position of the eccentric at the be- 
ginning of the stroke. 

When the valve is so formed that, at half stroke, thti 
faces of the valve do not close the steam-ports inter- 
nally, the amount by which each face comes short of 
the inner edge of the port is known as inside clearanee. 

From the nature of the valve motion, it follows that 
the distribution is controlled by the " outer and imier 
edges of the extreme ports and of the valve." The 
mere width of the exhaust-port or thickness of bars is 
immaterial to the timing of the distribution. 

The extreme edges of the steam-ports and those of 
the valve regulate the admission and suppression; 
and the inner edges of the ports and the valve corn- 
mand the release and compression. 

For every stroke of the piston, four distinct events 
occur — the admission, the suppression, the releasa 
and the compression. 
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The advance of the valve denotes the amount bj 
which the valve has travelled beyond its middle posi- 
tion, when the piston is at the end of the stroke, and 
tfi known as linear advance. 

The slide-valve is said to be very imperfect ami 
wast<%ful of fuel ; but, on account of its simplicity, 
durability, and positive action, it has been able to 
ocHnpete with the best modem improvements, and it 
IB at the present time the only valve in use on all the 
railroads in«the world. 

With all its defects it must be conceded that noth- 
ing has yet been introduced that has so well answered 
the purpose of controlling the induction and eduction 
of steam to the locomotive cylinder as the ordinary 
slide valve, nor does it at present seem probable that 
it ever will be superseded. 

FRICTION ON THE SUDE-VALVR 

The great aim. of all engineers has been to remov. 
the weight caused by the pressure of the steam from 
the back of the slide-valve; but it has been considered 
almost impossible to produce a frictionless slide-valve. 

The percentage of the friction of the slide-valve. 
as compared with the cylinder's power, ranges between 
10 and 20 per cent, according to the condition of the 
valve, variation in the position of the gear, etc. ; for 
while the cylinder decreases in power as the crank 
approaches the end of the stroke, the friction of the 
valve and eooentrics increases. 



r 



144 HAKD^BOOK OF THE TXXOHOmV. 

Length of the Valve Rods.— The leugth of t1 
valve rods is the distance from the centre of the 
rocker pios to the centre of the vulvee, when the 
valves are plated centrally over the ports and the 
rocker arm stands plumb. 

LAP ANT) LEAD OP YALYK 

Lap, or lap of valve, is understood to be tbe di 
tance the valve overlaps each steam opening when 
placed centrally over the port. The amount of lap 
is regulated by the point at which the st€am is to be 
out off, or the degree of expansion to be attained, as 
without lap there would be no expansion, because the 
suppression and release would occur at the sam 

Lap oti the steam side is termed onidde-lap. 
on the exhaust side is known as inside lap. 

Lead of Valve. — £ead is understood tobethewidl 
of port opening given by any valve on the steam end 
when the crank is at either dead centres, and the 
Angular distance of the crank from ite zero at the 
instant this opening commences, is termed lead angle. 

Lead on the steam side is denominated oviinde lead, 
or lead for the admission ; on the exhaust side it ii 
intide lead, or lead for the exhaust. 

Lap and Lead of Valve. —Lap and lead pi 
an early and efficient release, because the lead 
exhaust, or the amount by which the valve is open 
tbe exhaust, at the end of the stroke, is increased 
U much as the addition of lap on the outside. 
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Lap, Lead, and Travel of Valve. — As lap, lead, 
iiid frond regulate the distribution of steam, an altbr- 
atiofi of any one of thisie affects it in a definable man- 
ner. If they be equally varied in conjunction, the 
distribution remains the same; 

I 

BALANDED SUDE-VALVK 

The mechanical difficulty of producing a practi- 
cal balanced slide-valve, trustworthy under every 
kind of locomotive work, seems to have been success- 
fully overcome. Balanced valves are now in use 
on nearly all the principal railroads in the coun- 
try, and are said to meet all the demands of locomo- 
tive practice. 

It is claimed that the saving in the wear and tear 

of valve motion with balanced valves, especially in 

the ease of large engines, is very great, as they can 

be kept out of the repair shop much longer than en- 

j^es with common slide-valves. 

It is also asserted by railway mechanics that they 
iire not liable to any sudden derangement, either on 
last passenger trains or on freight trains; and the 
comfort of the drivers is greatly enhanced by having 
an ^engine that can be notched up or reversed m 
fnsily with the throttle open as shut. 

Miles ran with balanced valves without facing, 
75,000 to 150,000; miles run with common slide- 

valves without facing, 30,000 to 50)000. 
18 K 
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TABLE 

•HOWIXO THB AMOUNT OF LAP AKD USAD OIT TBB 
YALYBS OF LOCOMOTITES IK PBACTICB, OK 86 OV 
THB PBINCIPAL BAILROADS IK THIS GOUKTBY. 

Locomotives Running Express Passenger TVoinf. 

] inch outside lap. 

) iacb iaside lap. 
I 5 inch travel of valve. 
^ 1^ inch lead in fiiU gear. 

( inch outside lap. 
iV inch inside lap. 
4} inch travel of valve. 
I inch lead in full gear. 

} inch outside lap. 
\ inch inside lap. 
5 inch travel of valve. 
\ inch lead in full gear. 



6iife 



4 use 



SO use < 



itOComoHves Running Express AcoommodcUum IWrfbic 

"* f inch outside lap. 
I inch inside lap. 
5 inch travel of valve. 
^ inch lead in full gear. 

} inch outside lap. 
iV inch inside lap. 
5^ inch travel of valve. 
^ inch lead in full gear; 



10 



9iMe 



^ I inch outside lap. 
iV inch inside lap. 
i) inch travd of valfe. 
I inch lead in faH 
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Loeomotives Running Heavy Freight Trai/M. 

{ inch outside lap. 
1^ inch inside lap. 
inch travel of valve, 
inch lead in full gear. 



19 use 



J 5 in 
[Ail 



11 use 



5 use 



C I inch outside lap. 

j \ inch inside lap. 

'^ 4i inch travel of valve. 

mm 

^ inch lead in full gear. 

inch outside lap. 
inch inside lap. 
4f inch travel of valve. 
■f^ inch lead in full gear. 



run 



THE LINK 




1 



The link-motion is an arrangement of valve-gear 
for reversing engines and varying the rate of ex^ 
pansion. It consists of two eccentrics, with straps 
and rods. The eccentrics are so placed that when 
one is in the right position for the engine to move 
forward, the other is in the position for moving 
backward; and by raising or lowering the link« 
^^Mtfam will be communicated to the valve and 
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engine will move backward or forward. The result 
of this combination is that the link receives a re- 
ciprocating motion in its centre ; since, when one ec- 
centric is moving the end of the link in one direc- 
tion, the other is moving the other end in •the other 
direction ; so that the link will have nearly the same 
motion communicated to it as if it were suspended 
from a pivot at its centre. 

The horizontal motion communicated to the link 
by the joint action of the eccentrics, is a miu-imum 
at the centre of its length, where it is equal to twice 
the linear advance, and it increases towards the ex- 
tremities of the various periods of the block in the 
link, or of the link on the block, on the general 
principle that admission varies with the travel of the 
valve. The nature of the motion derived from the 
link is modified by the positions of the working 
centres, and most especially of the centres of sus- 
pension and connection. The centre of suspension 
is the most influential of all in regulating the ad- 
mission, and its transition horizontally is much more 
efficacious than a vertical change of place to the same 
extent, inasmuch as the vertical movement of the 
body of the link, with the consequent slip between 
the link and the block, is the least possible when the 
suspended centre lies in the centre line .of the link, 
and increases as the centre is moved laterally. The 
^^ntre line of the link is therefore, in this respect, 
most favorable location for the suspension^ e\fsa 
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though it be not always practicable for equal admis- 
sioDS. 

The amount of travel communicated to the valve 
depends upon the distance the block is from the 
centre of the link. By moving the link up or down 
on the block, the travel of the valve will either be 
increased or decreased ; and since the travel of the 
valve is the measure of the lap, to reduce the travel 
is tantamount to increasing the lap, and also the 
lead. Thus the link-motion becomes an expedient 
for regulating the amount of expansion with which 
the engine works. Though it may be claimed by 
some that cutting off by the link has a tendency to 
afiect the exhaust, it does not do so to any injurious 
extent, as the later opening of the exhaust is a posi- 
tive advantage, as it balances the resistance due to 
the early admission of the steam at the other end, 
before the engine has reached the end of the stroke. 
It will be seen, for the foregoing reasons, that the 
link is a perfect expansion-gear, as, when in full 
stroke, it is superior, in many respects, to most other 
cut-off devices, since, while the lead is increased as 
the travel of the valve is decreased, or, in other 
words, as the link is lifted towards the centre, and 
the supply of steam cut off at an earlier point in 
the stroke, the lead becomes a positive advantage, 
as it serves as a cushion to the piston when its re- 
ciprocating motion is rapid, as is frequently the case. 

The ease and facility with which the link may be 
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handled is another very important feature in its 
favor. In fact, what could we do without it when 
handling engines, especially large locomotives or 
marine engines, which have of necessity to run 
backwards with the same ease, speed, and facility 
as they run ahead? The link is a splendid mechan- 
ical conception, and one of the greatest improve- 
ments that has ever been made in the locomotive, 
marine engine, or any other class of motors requir- 
ing a reversing gear. 

The radius of the link is the distance from the 
centre of the driving-axle, or shaft on which the 
eccentric is located, to the centre of the link ; while 
the link itself is a segment of the circle of that 
diameter. The length may be longer or shorter; 
but any variation from these proportions will give 
more lead at one end than at the other while work- 
ing steam expansively; but the radius may be several 
inches shorter or longer, without materially affecting 
the motion. The^ vital point in designing a valve 
link-motion is the point of suspension of the link. 
If it is suspended from the centre, it will invariably 
cut off steam sooner in the front stroke than in the 
back stroke, while working expansively. 

The nearer the block is brought to either end of 
the link, the greater will be the travel of the valve, 
and the more the steam and exhaust will be opened. 
The term "full-gear forward" means that the link is 
dropped to its full extent; while ''fuJJ-gear back- 
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ward" means that the link is liiled to its full extent 
When the liDk-block stands directly under the sad- 
dle-plate, both ports are closed, and neither admis- 
sion nor exhaust can take place. The distance be- 
tween the block and the end of the link when in 
full-gear is termed the clearance. 

In the Walschaert link-motion, which was used 
on one or two of the small engines at the Centen- 
nial Exposition, the mid-gear movement was derived 
directly from the cross-head, while the end, or full- 
gear, movement was derived from a single eccentric, 
or a return crank, from the main crank-pin. The 
middle of the link is stationary, and, of itself, im- 
parts no motion to the valve; but between the link 
and valve is an arrangement for imparting a reduced 
and reversed copy of the piston movement to the 
valve, which movement, being always present, modi- 
fies that of the eccentric at all points, giving it the 
effect of angular advance, which is not given to the 
eccentric in the case of the ordinary link-motion. 

Lifting and stationary links. — The lifting-link is 
raised and lowered .to effect the changes it is designed 
to perform ; while in the stationary link the block, 
instead of the link, is shifted. In the stationary link 
but one eccentric is generally used, the throw of 
which corresponds to the middle of the ordinary 
link; for this reason, more mischief would be caused 
by any lost motion in the eccentric straps or other 
connections. Moreover, it does not allow of ready, 



BAH1>*BOOX OF THB LOOOMOnVX. 168 

independ^t adjustment of the backward and for^ 
ward motion in full gear. 

The linear advance of the eccentrics, with the sta- 
tionary link, is always less than that of the yalve, and 
is eflbcted by the length of the eccentric rods. With 
the ^lifting link, the linear advance of the valve is in 
all cases equal to that of the eccentrics in full gear^ 
independently of the length of the rods ; by full gear 
is meant that the fore-rod is brought into the centre 
line of the valve-rod. In other positions the linear 
advance of the valve varies precisely with the lead. 

As the tendency of the connecting-rod angularity 
in a direct acting engine is to produce a later cut-off 
<m the forward stroke than the amount required, and 
fiinoe with the link the cut-off in either stroke de- 
pends on its degree of elevation or depression, it fol- 
lows that, if we suspend the link in such a manner as 
to cause a suitable elevation for the forward stroke, the 
result will be a perfectly equalized motion for the gear 
in question. And again, if the equalization be made 
applicable to all gears, then the link may be suspended 
at any point between the full forward and full back 
ynihout an appreciable inequality appearing between 
the cut-offi or the exhaust closures of either stroke. 
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The above cut represents an end view of the spring pistod 
packing, such as is used iu locomotives, i represents the frouc 
end of piston-rod ; T, piston-head ; A, wings ; /, studs ; e, jam- 
nuts ; df springs ; /, holes for follower-bolts ; C, C, rings. 



STEAM AND SPRING CYLINDER PACKINO FOR 

LOCOMOTIVES. 

The chief merit of steam packing is said to con- 
sist in its absence of friction, when not under pres- 
sure of steam, in descending grades and upon ap- 
proaching stations. 

It is also claimed for steam packing that it can be 
more cheaply constructed than spring packing, and, 
after being first put in the cylinder, requires no sub- 
sequent adjustment by the engineer. 

>Q the other hand, it is urged for spring packing 
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that it is more steam-tight than steam packings less 
liable to blow, and is not affected by varying steam 
pressures in the cylinder. 

And while not absolutely without friction under 
the above circumstances, is nearly so when fitted with 
springs of proper elasticity, say sufficient to keep the 
rings in contact with the cylinder without exerting 
undue pressure. 

The highest number of miles run with a set of 
steam packing without repair, 200,000; average, 
150,000. 

The highest number of miles run with a set of 
spring packing Mnthout repair, 150,000; average, 
100,000. 

Setting out Spring Cylinder Packing. — Setting 
out spring packing in the cylinders of locomotives 
requires the exercise of great care and judgment, 
for, like valve setting, no general rule can be laid 
down — the proper adjustment must in all cases de- 
pend on the skill and intelligence of the engineer. 
An ignorant or careless adjustment of the packing 
may at any time not only materially lessen the power 
of the engine, but literally ruin both the packing 
and the cylinders. If the packing be set out too 
tight, the friction between the packing-rings is in- 
creased to such an extent that the power that ought 
to be transmitted from the pistons to the driving- 
wheels is wasted in overcoming the friction in the 
cylinders. K, on the other hand, the packing Ui 
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allowed to be slack, the steam will escape and oc- 
cupy the cylinder in frout of the piston on the ex* 
haust end, causing excessive cushioning, with great 
waste of steam and loss of power in the engine. 




PACKING FOR THE PISTONS AND VALVE RODS 

OP LOCOMOTIVES. 

There is probably no part of the locomotive more 
frequently oift of order, or gives greater annoyance, 
than the piston- and valve-rod packing. 

A vast deal of study and ingenuity have been 
applied to the removal of this annoyance, and the 
production of a durable piston-rod packing. Wire 
gauze, gum, soapstone, jute, asbestos, metallic pack- 
ing, and a great variety of other materials have been 
tried, but without very satisfactory results. 

Hemp, when properly used, serves a good purpose, 

as it has the advantage of always being ready and 

requiring no special tools to prepare it for use, nor 

any particular size of stuffing-box, and can be used 

as well by the unskilful as the skilled man; bat its 
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oaeflilneas is limited, particularly where steam of a 
high pressure is used, as it soon loses its eiiasticity, 
and, in consequence, becomes worthless. 

Soapstone gives tolerably good results, and has 
the advantage of producing less friction, and is not 
so liable to flute or cut the rods as hemp. But it is 
not to be expected that the same kind of packing 
would give the same results on different roads, as it 
is well known that the packing wears out faster on 
sandy roads than those tiiat are not sandy ; nor does 
packing give the same service on slow freight loco- 
motives that it does on &8t passenger engines. The 
fkilure of packing to give satisfactory results in 
many cases i» due to a want of skill and judgment 
on the part of the persons using it. 

The softer the packing can be kept in the stuffing- 
boxes, the more service it will do ; for when it loses its 
spring or elasticity, it materially interferes with the 
easy working of the engine, and any extra tighten- 
ing has a tendency to char and render it worthless. 

K the packing leaks badly around the rod after 
being renewed, and it is found impossible to make it 
steam-tight, it is always better, if time will permit, 
to-take out one or two rings and reverse them, which 
will be found, in most cases, to give relief; or if it 
becomes necessary to tighten the packing, it is always 
better to do so when it is coM, or after the engine 
has been standing still for some time. 

Metallic paokinf}, for piston-rods, has been tried 



by a number of the principal railroada in the coun- 
try; but its use has been generally abandoned on 
account of its results not bearing out its first costs 
and needed repairs. 

There is at present, and always has been, a great 
Deed of a permanent and reliable piaton-rod pack- 
ing. Such an article would not only be productive 
of very economical results on railroads, but would 
greatly lessen the labors of engineers. 

JtuU for finding the me of PutoTt' and Vahe-Itod 



Measure the piston- or valve-rod ; then measure 
the stem of the stuffing-box ; divide the difference 
between them by two. 

For example: Rod 2 inches, box 4 — packing 1 
inch ; rod 1 inch, box 2 — packing i inch ; rod f 
inch, box IJ — packing ^; rod 2 inches, box 3i — 
packing I; rod 1} inches, box 4 inches — packing li. 




CUQNOT'S LOCOMOTIVE— itOb. 
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BRASSES FOB DRIVING AXLES OF LOCOMO- 
TIVES. 

The importance of good workmanship in fitting 
the brasses in the boxes of driving axles is well 
known to railway mechanics, because unless thor- 
oughly fitted they are liable to become loose and 
give trouble. Hexagon-shaped brasses generally give 
better results than either half-round or gib brasses, 
when properly fitted. 

The most permanent device for securing half 
round brasses in driving boxes is by means of brass 
pins driven in holes drilled through the boxes and 
brasses. 

Octagon brasses are best secured by means of lugs 
cast on the brass, in the ceijtre of their length, and fitted 
into recesses cast in the box. This is considered 
better than a flange on the ends, as the thickness o? 
the hrgas^ can be seen without taking it out. 
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Best Milage fw Driving Brasses before Bet^ming 

Loose, 

Highest Lowest 

Half-round Brasses, .... 120,000 10,000 

Octagon ^ " .... 125,00p 26,000 

Brass gibs, fitted with Babbit metal, . 100,000 85,000 

Babbit metal possesses an advantage iii case the 
box should get hot, — the metal will run and prevent 
cutting. 

LATERAL MOTION. 

Lateral motion is understood to be the distance or 
the clearance between the rails and flanges of loco- 
motive and truck wheels, and which in general prac- 
tice is about I of an inch for the forward driving- and 
truck-wheels, and about f for the rear drivers. The 
difference in gauge for front and rear drivers is to 
allow for the radius of the curve, and is of great 
importance, especially in the case of ten-wheeled en- 
gines, or those having an extended wheel-base. 

A liberal allowance of lateral motion is beneficial, 
as it lessens the friction, more especially in curving, 
and saves a large amount of power in drawing trains ; 
but wide lateral motion involves a certain amount of 
danger, as there is a liability of breaking the flanges 
when thrusted against the rail, or forcing the wheels 
ofl* the axles when striking guard-rails and firogs. 
Wide lateral motion is also attended with too madi 
rMiPillation of the car body for safety, when nmniiig 
sharp curves at a high speed. 
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The variation in the wheel-gauge of locomotives is 
iMmeosely less than that of cars. This is necessaril} 
80 from the &ct that die one is employed upon a 
fixed gauge, and runs repeatedly over the same 
track; while the others, from the general and ex- 
tended character of our railway traffic, must pass over 
other lines. 

SPEED INDICATORS. 

There is probably nothing connected with the run- 
ning of locomotives so uncertain as the time made 
by trains between the different points on their tripj, 
or for any number of consecutive hours ; for while 
it is known that express and light passenger trains 
often exceed 30 miles an hour on one part of their 
trip, they as often £Etll below 25 miles an hour on 
the other part, without any apparent cause, even 
where the road is perfectly level. Many of the acci- 
dents that occur on railroads might be attributed to 
this irregularity of speed, more particularly so in 
the case of light freight trains. 

To obviate this difficulty, speed indicators should 
be placed on every locomotive, which would enable 
railroad officers to ascertain the regular speed cf 
trains at different points on the trip, also show the 
ability of engines of a certain class and size to make 
a uniform specified time all over the road. 
14* L 
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LOCOMOTIVE BOILERS. 

The boiler U the mopt important part of a locomn- 
livc engine, aod the useful effects of the machine 
depend, in a great degree, on its atrength and effi- 
ciency. In fact it might be said that the boiler is 
the backbone of the whole machine, aa it has to 
withstand the effect of every shock aod strain to 
which the moving maas is exposed, and yet there ia 
no part of locomotive construction in which there ha* 
been so little improvement aa in the boiler. Special 
machinery has been made for manufacturing nearly 
every other part, while in the construction of the 
boiler the same appliances are still employed as was 
used years ago. 

In all other parts of the machinery where great 
strength ia required, gauges and templets are used to 
insure the most exact fitting, while in boiJeJ c 
atructioa very little apparent effort has been made t« 
secure accural* workmanship. It is difficult to see why 
Bome analogous system is not employed by boiler- 
makers as well as by machinists. 

The sheets of the locomotive boilers are exposed to 
the operation of various powerful chemical and m 
ohanical forces, all of which have a tendency 
hasten their destruction. 

The firet and chief of these forces is the pressure 
of steam, which generally, or locomotive boilers, is of 
elastic force. 
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Theu there are the strains caused by the jarring 
of the locomotive, especially on some roads, and at 
some seasons of the year, when the earth is loosened 
by the breaking up of the frost, and the sleepers and 
rails are in a shaky condition. 

Next the oxidation caused by the ingredients in 
the water, the mechanical force of the water itself, 
and its impact against the walls of the boiler, the 
injurious effects of which must be severe. 

All these strains combined affect the several 
parts of the boiler — the intense heat rendering the 
material more crystalline and more liable to frac- 
ture ; the continual jar having a tendency to loosen 
the rivets and weaken the whole structure. 

A boiler may be abundantly strong, but insuffi- 
ci^itly stiff; whereas, in a locomotive boiler, above 
all others, identity of form is of great importance, 
as, besides the ordinary contingencies of overstrained 
joints and leakage, resulting from change of form, 
there are, unavoidably, connections and attachments 
to be made here and there which can only be main- 
tained in good order under superior conditions of 
stability of parts. 

A locomotive boiler must evidently possess other 
features of strength than those required in a mere 
steam generator. However strongly and independ- 
ently the frames of the engmes may be constructed, 

^ simple holding of the boiler in place upon them 
vitates considerable extra stiffiiess in Uie lattoi; 
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The Ijoiler answers, in part, as a framing, aod not 
only stifTcita the etructure, preventing side or lateral 
flexure, but aiiataiua the entire ibre and aft strain 
of the engine, as developed in cylinders, since the 
centre line of the boiler is §o far above that of the 
cylinder, giving the latter so much leverage that the 
Btraia tends to pry the boiler asunder at the juni.tioQ 
nf the waiat with the fire-box. 

Regardiag the locoinotive-boiler as a cylinder with 
flat ends, the greatest strain falls oece€sarily upon 
the longitudinal seams, and the least upoD the cur- 
vUinear seams at and be.tween the ends ol' the boiler. 

The longitudinal seams, thereibre, should in all 
»iieB be double-riveted, while for curvilinear seams, 
bearing only half the strain that is upon the other, 
the single- riveted seam is sufficient, being propor- 
tionably etroager, with respect to strains arising from 
Bt«am pressure, than the other. 

1 plates a;e now very geoerally used, and theii 
importance &a a material for the construction of loco- 
inotire boilers is fully eetabllsbed, as is shown by the 
Bueceasful resulta of careful experimental investiga- 
tdoQB. Steel is always crystalline in it^ nature. 
Whatever the jarring and straining to which it ia 
exposed, ita quality cannot be altered io that respei,t 
while its toughness, notwithstanding its crystalline 
Btrui:ture, ia to wrought-iron as two to four, and in 
some cases more than that. 

Tin tbu^oeea of iron plates generally used fol 
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locomotive boilers ranges from i to §; but when 
steel is used, this thickness can be reduced j^^, or even 
if as steel plates i inch thick, for boilers 48 inches in 
diameter, are perfectly safe at 150 pounds' pressure pef 
square inch, besides affording increased facilities for 
the transmission of heat from the fire to the water. 

It is evident then that in case no more steam 
pressure is carried, the repair expenses of steel 
boilers, as compared with iron of equal section, will 
be decreased, not only in proportion to their superior 
strength, but in a great proportion by reason of 
their elasticity, hardness, granular construction, and 
resistance to corrosion. 

And if proportionately higher steam pressure is 
carried, so that the relation of strength to strain is 
the same as in iron boilers, the repair expenses will 
still be decreased by reason of the last-named quali* 
ties of steel. 

What is true as to the expenses of maintenance is 
true as to safety. Recent discussions, and recently 
compiled facts on the subject of boiler explosions, 
show quite conclusively that the larger proportion 
of these casualties result simply from the want of 
proper strength in the boiler. 

Recent experiments on standard kinds of iron 
plates showed a mean strength of 49,215 pounds to 
the square inch, while experiments made at the same 
time on steel plates showed a mean strength of 86^6 
pounds. The difference in the weight of iron and 
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steel plates of the same dimensions is not great 
enough to be of practical importance. Other things 
being equal, therefore, a steel boiler is 73 per cent 
stronger than an irou boiler. 

PROPORTIONS OP THE LOCOMOTIVE BOILER, 
PROM THE BEST MODERN PRAGTIGK 

Boiler sheets, best cold-blast charcoal iron, i 
inch thick, or best homogeneous cast-steel, ^^^ inch 
thick, or horizontal seams and junction of waist in 
fire-box double-riveted. 

Waist, formed of two sheets rolled in the direc- 
tion of the fibre of the iron or steel, one longitudinal 
seam in each, located above the water-line. 

All longitudinal seams double riveted; curvi- 
linear seams single riveted. 

All iron sheets I inch thick riveted with f inch 
rivets, placed 2 inches from centre to centre. 

Steel plates j% inch thick, riveted with i inch 
rivets, placed If inches from centre to centre. 

Extra welt pieces, riveted to side of side sheets, 
providing double thicknesses of metal for stud-bolts 
and expansion braces. 

WAGON-TOP AND STRAIGHT BOILERS. 

The wagon-top possesses some very important ad. 
vantages over the straight boiler, especially where 
impure water is used, as it afibrds greater steam 
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rooio, larger water surface over the funiace, and de- 
creases the liability to foatn. 

It is easier of access when it becomes necessary to 
remove the mud and scale from the crown-aheet, or 
when repairs are necessary to the Dumeruua braces 
over the furnace ; it also distributes tlie weiglit to .1 
gieater advantage on the drivera than does the 
straight boiler. 

The cylindrical part can be smaller in diameter, 
and consequently lighter than the straight boiler, 
thereby lessening the weight upon the truck, while 
the Aimace end will have greater weight and will 
give proportionately more adhesion to the driving- 
wheels. 

The straight boiler can be built at leas coat than 
the wagon-top, and is subjected to the fewer unequal 
Btratns, but the advantages of the wagon-top over 
the straight boiler more than compeusato for the 
ftbove defects. 

Wagon-top boilers carry their water better than 
the straight boilers, because they have a larger body 
of hot water in which to neutralize the supply of 
cold water from the pumps. They use dryer steam, 
fur the reason that the dome from which it la taken 
>a higher than in the straight boiler, hence the steam 
is less likely to become saturated by the surging of 
tbe vater in the boiler, produced by the galloping 
movement of the engine, 

Tbe beating surface and water space of the wagOQ- 
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lop ii fnatier duni tint of d^ 
•brjMtt tlie flune aoMMiDtof 

MdrMtntmf^ orer the stniglit boiler oa 
great bodj of hot wMter euried. It e 
sn^imtnrj to pamp where the eBgiae 
tier luinkst labor. 

Two domes are preferable to one on boQen whk 
limited steam space, and on boQeis osi^ impure 
wat^y provided steam is taken fima the two dameB, 
M there is lesi yariation in the wata* krd, and 
drjer steam is obtained in the cylinders. 

The crown or nppar sheet of the wagon-lc^ is nee- 
esiariljr weaker than that of the straight boUo* on ae- 
eoeint of its large radios. This is often still farther 
weakened bj cutting a hole for the dome in it, half as 
large as the diameter of the cylinder of the boU^. 
A single-riveted dome, as ordinarily made, does not 
restr^re much above half the strength thus taken 
away. 

THE EVAPORATIVE POWER OP LOCOMOTIVE 

BOILERS. 

The quantity of water evaporated by a boiler in 
a given time depends not only on the heating sur&ce, 
grate surface, and draft area, but also upon the con- 
ducting powers of the boiler and the quantity of air 
which pwsBeB through the furnace in a given time. 
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A locomotive boiler, for inatance, burning 10 
pouods of coal on each square foot of grate-aurface 
in an hour, will evaporate about 9 pounds of water 
for each pound of coal under the most favorable 
coaditions. The same boiler running at high speed, 
sod burning 75 pounds of coal on each square fool 
of grate-en rface, will evaporate 7 pounds of wat«ii 
for each pound of coal burned. 

The total quantity evaporated in an hour in the 
first case will be lDx9^90 pounds of water for each 
aquare foot of grate-surface ; and in the second case, 
the same boiler, under a forced drall, will evaporate 
75x7^525 pounds of water in one hour. Here there 
is a vast difference in the total amount of evaporation ; 
but each pound of coal, under the forced draft, pro- 
duces less steam, in the proportion of 7 to 9 pounds, 
ao that while the economy of fuel in one sense ia 
lees, tbe total amount of work done by the same 
boiler in the same time is very much greater with 
the higher rate of combustion. 

There are probably no phenomena connected with 
the ^neracion and utilization of steam so imper- 
fectlj' defined, either theoretically or practically, at 
present, as those connected with the quantity of air 
which passes through the furnaces of boilers under 
varying conditions of draft 

It has been generally assumed from the esperi- 
ments of scientists that in ordinary practice double 
ths amount of air necessary for complete combustion 
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passes through the furnace. Hence all attempts to 
reduce the laws of evaporation of boilers to fixed 
and definite rules of practice for all conditions of 
draft, have thus far been based on assumptions which 
have no definite and precise foundation in practice. 

Experiments are greatly needed to determine the 
.rate of combustion for varying conditions of draft, 
as well as the quantity of air actually drawn through 
the furnaces under these varying rates of combustion. 
Such determinations are necessary in order to estab- 
lish the corresponding temperatures of the furnaces 
and the gaseous products of combustion, and from 
these the transfer of heat by radiation and contact 
in the ftirnaces and flues respectively. 

HEATING SURFACE, STEAM ROOM, AND WATER 
SPACE IN LOCOMOTIVE BOILERS. 

The importance of eaient in the surface of water, 
in a boiler, consists in the facility afforded for the 
ready egress of the steam, as evolved by the heating 
surface. The most satisfactory results are obtained 
when the water space is equal to the heating surface, 
and any deviations from these proportions are always 
attended with some disadvantage, though do^ibtlea 
unappreciable until the disproportion ansmg from 
the increase of heating surface becomes very great. 

The engine whose steaming capacity is worked 
oearlj or quite to its maximum while hauling trMiH 
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npooi ft levd, will require an extra straiii to Airuisli 
tibe ateam oter the grade, ftom which few roads can 
daim an absolute immunity. The advantage of sur- 
plus steam space can hardly be OYe^estimated, espe- 
cially in handling heavy trains. 

In the case of locomotives it is almost impossible 
to fix any ratio whatever between the water space- 
and heating surfiuse, since the former, of necessity, is 
limited, and eveiy additional row of tubes, to increase 
the heating sur&ce, reduces the area of the water 
space. 

So with the steam room, to secure dryness of steaiii 
and steadiness of action, kige space is desirable ; but 
it is limited by the same considerations that restrict 
the water space — though the evils arising from 
limited steam room are relieved, to a certain extent, 
by the use of domes and the dry pipe. 

The only practical rule for the construction of loco- 
motive boilers, with respect to water space and steam 
room, seems to be, for a given heating surface, to se- 
cure as large a water and steam space as possible — 
the larger the better — within the limits imposed by 
restriction in the size of the boiler. 

Very excellent performances have been obtained 

from boilers with an area of water surface j*^ that of 

the heating sur&ce, and a steam room about one 

cubic foot to one square foot of water surface. 
15 « 
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HEATme SURFACE TO eRATE SURFACE IN 

STEAM BOILERS. 



Diameter of cylinder, . 

Stroke, .... 

Heatiog surface in fire-box, 

. " " " tubes. 

Total heating sur&u^, . 

Area of grate, 

40.1 sq. feet of heating surface to 1 foot 

Diameter of cylinder, 
Stroke, .... 
Eieating surface in fire-box, • 
" " tubes, . 
Total heating surface, . 
Area of grate, 
66.4 sq. feet of heating surface to 1 sq. foot 

Diameter of cylinder 

Stroke, . 

Heating surface in fire-box, . 
" " tubes, ; 
Total heating surface, .... 

Area of grate, 

62 sq. feet of heating surface to 1 sq. foot 



16 inches. 
24 " 
100 square feet. 

862 " " 
962 " " 



(( 



« 



24 
of grate surfskoe. 

15 inches. 

22 " 

85 square feet. 
645 " " 
730 " " 



« 



« 



11 
of grate sur&ce. 

18 inches. 

22 " 

116 square iee^ 
813 " " 
929 " " 

15 " " 
of grate surfikoei 



BiUe far finding the Heating Surface in LocomaUm 

Boilera. 

Multiply the length of the sides and ends of ilie 
^te-b/jx by the height in inches ; multiply the lengJi 
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of the crown-sbeet by its widtb in incbes. Add these 
products together, and subtract the combined area of 
all the tubes and fire-door ; divide the remainder by 
144, and the quotient will be the heating surface in 
the fire-box in square feet. 

Jtule for finding the Heating Surface in the Tubes oj 

Locomotive Boilers, 

Multiply the circumference of one tube in inches 
by its length in inches ; multiply that product by the 
whole number of tubes, and divide this product by 
144, which will give the heating surface in the tubes 
in square feet. (See Table of Superficial Areas of 
Tubes.) 

Rvie for finding the Heating Surface in Stationary 

Boilers, 

Multiply the length of the boiler in inches by J 
the circumference in inches ; multiply the circumfer- 
ence of all the tubes or flues in inches by their length 
in inches. Add these two products and the areas of 
the ends in square inches together, and divide by 
144 The quotient will be the number of square feet 
of .leating surface. To find the horse-power, divide 
by 14 (14 square feet being a fair allowance for horse- 
power in steam-boilers). 
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PUNCHED AND DRILLED HOLES FORTHESEAU 
OF LOCOMOTIVE BOILERa 

Punching rivet holes, according to FiJrbairn s ex- 
periments, is in itself a cause of weaknezis. Not onlj 
10 the section of the plate in the line of strain reituced 
by the area of the holes, but the plate between the 
holes is not so strong per square inch as the solid 
plate. 

The excessive strain of the punch appewrs to dis- 
turb the molecular arrangement of the metal, and to 
itart fractures which, in case of stay-bolts, often radiate 
m every direction, allowing corrosion to take place, 
and ultimately causing the bolts to pull out of the 
plate. 

In eight experiments by Fairbairn, the highest 
strength of plate experimented upon was 61,579 
pounds, and the lowest 43,805 pounds per square inch ; 
but with the same plates after punching, the strength 
per square inch varied between 45,743 pounds and 
36,606 pounds. The average of the two experiments, 
therefore, showed a loss of 10,896 pounds per square 
inch, due to the jar and strain of punching, in addition 
to the loss of section through the holes. 

In the process of punching, through the ignorance 

or neglect of workmen, the holes do not come rif ht 

by sometimes half their diameter, and are then drifted 

tJie sheet is fractured, and the material partly 

hL This habit cannot be too much repT» 
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aended, aod the uae of drifts, although considered in- 
dispensable by many goo^ boiler-makers, is productive 
of great evils. 

The result is when the rivets are driven it is almoet 
impossible to make them fill the holes, and conso- 
quently an undue etrain will come upon some of tbi! 
rivets, while upon others there will be rery little strain. 
In that case there is danger of shearing off the rivet 
opon which the extra strain comes, and bringiug a 
strain upon tlie adjoining boles, and thus starting a 
rupture, which will ultimately result in the deatruo- 
tioo of the boiler. 

The danger arising from this cause of rupture caii 
be easily avoided by drilling, as the holes can be made 
to match exactly if the plates are drilled together, 
and therefore each rivet will do its due proportion of 
the work, and no greater strain will be thrown upon 

e than the others. 

Kecent experiments authorized by the U. 9. Giov- 
emment at the Washington Navy Yard establish the 
&ct that drilled holes for boiler seams are 6 per cetU. 
stroQger than holes that are punched. 

In view of the above conclusions, it is very evident 
that the rivet holes for all longitudinal seams of 
eteam boilers should be drilled. The curvilinear 
Beams, being subjected to only about half the strain 
of the longitudinal, might be punched. 

It is also worthy of note that, while the punched 
is weaker than the drilled pl&te, the livets iu 



m 

^ $h^ 4r%\UA b^Am k!«i% flikarper and 

U4$4 f^jftm^fMtftMj mtm OLfiMe {d ^htrnm^ iImb Ike 

#<iKMr kft \fy % jponcb. 

VftAdiu^ \iit fttMum €ft looomotiTe boilen^ if 
yti^^Umi, w^/uld he of great adTantage. ainoe Um 
W^l/Wl j^/int in practicallj twice as strong as thi 
r^V^fUf^l Joint; ami since twice as much steam {NresBare 
U ^UitrUul (fU the longitudinal seams of the cjlinder 
iff a lM>il(ir an on its circular seams, the right propor- 
tloft iff MirDfigth would be preserved by welding the 
titnmr aii<l riveting the latter. 

Tim following advantages would be acquired bj 
W(=ihllnt( tho seams of locomotive boilers: — Ist. It 
woiilil (ihottpuii tho process of construction, by saving 
inunli of tiio tinio occupied in riveting, and all that 
(Htnuumod in caulking. 2d. The full strength of Ihe 
pUtOM bolug pnviorvod, a thinner material would suf- 
tt(H», and, an a result, loss dead weight would have to 
W t('auK|H>rttHi. Sd. IX>uble the pressure could be 
\H^rrl(Hi without iuonni^ung the weight of the boiler. 
4(hv Thor\^ would bo no double thickness <^ plate la 
I^^MUOlo \iutH|ual <0E |>an;»on. 5th. Where the 
•^mm wvHiUl \Kvui» thex« would be no laps or y 
aiKt v\>ii«oi|a^Mitl)r iioi^ would be no 



H4Nl)-B00K OF THE LOCOMOTIVE. 179 

MACHINE AND HAND RTSrETINQ FOR LOCOMO. 
TIVE BOILERS. 

In theproceseof hand rivetiug, the heads are rarelv 
fiakhed tjll the iron la cool enough to cryatalliKe oi 
orack under the head by the heavy blows of tlici 
baniiDer, and if the material be not of aiiperior 
quality, will frequently snap off under rough usage. 

Not ao in machine riveting. As the piston is not 
limited in its movements, it will follow the rivet 
borne, drawing the plates well together, filling the 
holes, and making the work equally good, whether 
the rivet is a half inch too long or a half inch too 
short, thus accomplishing what no workman could 
possibly do. 

As the riveting is done with a blow, and not by 
equeezing, the iron of the rivet is given no time to 
cool, by contact with the sheet, before it is forced 
into every crevice, and the hole completely filled. 

The heading is done on the " capping " system, 
thus gathering the metal together instead of acatter- 
tog it, as is the case with the hand hammer. 

The rivets driven by the Piston machine show the 
hole to be well filled all around, and not stretched to 
»ny appreciable extent, (not more so than iu hand 
riveting,) while the rivet and plates are left soft and 
&eA irom any crystallization. 

The shearing strain is less on machine 
jtniita than en those riveted by hand, on accoant ofl 
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the compactness of the rivets in the hnlee, and ti 
groat friction hetween the sheets at the lap, induoa 
by the power of the machine. 

Another great advantage of ateam riveting is tj 
quiokneaa aod (theapaess. 

COMPARATIVE STRENGTH OF SINGLE AM 
DOUBLE RIVETED BOILER SEAMS. 

On comparing the strengtli of plates with th^ 
riveted joints, it will be necessary to examine t' 
aectional areas, taken in a line through the ri' 
holee with the section of the plates themselvee. 

It is perfectly obvious that in perforating a lint 
holee along the edge of a plate, we must reduce il 
strength ; it is also clear that the plate so perforate 
will be to the plate itself nearly as the areas 
respective sections, with a small deduction for t 
irregularities of the pressure of the rivets upon tJ 
plate ; or, in other words, the joint will be reduoa 
in strength somewhat more than in the ratio of U 
section through that line to the solid section of ^ 
plate. 

It is also evident that the rivets cannot add to ti 
strength of the plates, their object being to teep tl 
two surfaces of the lap in contact. _ 

When this great deterioration of strength at the 

tat is taken into account, it cannot but be of the 
t importoDoe tiiat in structurei subjented ta 
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eacb violent strains as boilers, the strongest method 
of riveting should be adopted. To ascertain this, a 
long series of experimente were undertaken by Mr. 
Fairbaim. 

There are two kinds of lap-joints, — those said to be 
single riveted (Fig. 1), and those which are double 
riveted (Fig. 2). At first, the former were almost 
universally employed, but the greater strength of the 
latter has since led to their general adoption for all 
boilers intended to sustain a high steam pressure. 

A riveted joint generally gives way either by 
shearing off the rivets in the middle of their length, 
or by tearing through, one of the plates in the line 
of the rivets 

In a perfect joint, the rivets should be on the 
point of shearing just as the plates were about to 
tear; but in practice, the rivets are usually made 
slightly too strong. Hence, it is an established rule 
to employ a certain number of rivets per lineal foot. 

If these are placed in a single row, the rivet holes 
80 nearly approach each other that the strength of 
the plates is much reduced ; but if they are arranged 
in two lines, a greater number may be used, and yet 
more space left between the holes, and greater 
strength and stiffness imparted to the plates at the 
;oint. 

Taking the value of the plate before being punched 

at 100, by punching the plate loses 44 per cent of 

ito strength, and, as a result, single-riveted ser 
16 
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equal to 56 per cent., and double-riveted seams to 70 
per cent, of the original strength of the plate. 

It has been shown by very extensive experiments 
at the Brooklyn Navy Yard, and also at the Steven's 
Institute of Technology, Hoboken, N. J., that double- 
riveted seams are from 16 to 20 per cent stronger 
than single-riveted seams — the material and work- 
manship being the same in both cases. 



Fig.l. 




Fig. 2. 




Taking the strength of the plate at . . 100 

The strength of the* double-riveted joint would 

then be 70 

And the strength of the single-riveted joint 

would be .' 66 
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Buk for finding safe Working Pressure of any Boiler 

Multiply the thickness of iron by .56, if single* 
riveted, and .70 if double-riveted ; multiply this pro^ 
duct by 10,000 (safe load) ; then divide this last pro- 
duct by the external radius (less thickness of iron) : 
the quotient will be the safe working pressure la 
pounds per square inch. 

BXAMFLE. 

Diameter of boiler.. 42 inches. 

Thlckneag of iron { ** 

21 external radias. 
.375 



20.625 internal radiuB. 

Thickness of iron {=.375 

.56 single riveted. 

2250 
1875 



.21000 

10000 safe load. 



20.625 ) 210000000 

101.81 pounds safe 

working pressure. 

lu the above rule 50,000 pounds per square inch 
are taken as the tensile strength of boiler iron, and 
one-fifth of that, or 10,000, as the safe load. Hence 
five times the safe working pressure, or 50,000 
pounds, would be the bursting pressure. 
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Bale for finding the 8afo Working Ptemare of BUd 

Boilers. 

Multiply thickDeaB of steel by .56 if single liv- 
etedy and .70 if doable riveted ; multiply this pro- 
duct by 16,000 (safe load) ; then divide this last 
product by the external radius (less thidmeBS of 
iteel) : the quotient will be the safe working pres- 
sure in pounds per square inch. 

EXAMPLE. 

Diameter of boiler i4iiidiak 

Thicknefls of steel i ** 

2)44 

22 external radium. 
.25 



21.75 internal radius. 

Thickness of steel } = .25 

.70 double riveted. 



.175 
16000 

1060000 
175 

21.76)2800.000 



128.73 safe working 



80»000 being taken, in the above rule, as the 
gUe strength of steel, and one-fifth of that, or 16j000^ 
M the safe load. Henoe 80,000 would be the banl- 
pressure. 
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Bfde far finding the Safe External Pressure an BaUer 

Flues. 

Multiply the square of the thickness of the iron 
bj the constant whole numher, 806,300 ; divide this 
product hj the diameter of the flue in inches ; di- 
vide the quotient hj the length of the flue in feet ; 
divide this quotient by 3. The result will be die 
safe working pressure. 

EXAMPLE. 

Diameter, 13 inches. 13 diameter. 

ThicknesB, { of an inch. 10 length. 

f8qaare=A 180 



390 



/t X 806,800=^^^'^ -^ 390 = I?5?Z?2 = 290.73 safe 
external pressore. 

When pressure is exerted within a tube or cylin- 
der, the tube can only give way by the metal being 
torn asunder; and the tendency of the strain is to 
cause the tube to assume the true cylindrical form. 
— the form of greatest resistance. 

Dut when pressure is exerted on the outside of a 
tube, the tendency of that pressure is to crush or 
flatten the tube. 

It is a well-known fact that iron of any strength, 
when formed into a tube, will bear a much greater 
strain to tear it asunder, if that pressure be applied 
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iniemaUy, than it will bear without crushing m 
when applied externally. 

It is also well known that a thin iron hoop will 
resist a large amount of tearing force ; but if that 
same hoop be placed as a prop under the weight 
exerted to tear it apart, it would be flattened and 
erushed out of form. 

The inner tubes of boilers are nothing more or less 
than a series of props ; but in the case of locomo- 
tive boilers the diameter of the tubes is so small 
that it is almost impossible to crush them. 

DEFINmONS AS APPLIED TO BOILERS AND 

BOILER MATERIALS. 

Tensile strength is the absolute resistance which 
» body makes to being torn apart by two forces act- 
ing in opposite directions. 

Working Strength. — The term " workingstrength'* 
of materials is a certain reduction made in the esti- 
mate of the strength, so that when the instnunent 
or machine is put to use it may be capable of resisfe- 
ing a gn?ater strain than it is expected on the aver- 
ago to sustain. 

Safe Working Pressure, or Safe Load. — Tbeaafe 
w\^rkiug pr^'ssure of steam boilers is generallj takeo 
as j[ of the bursting pressure^ whatever that mmy bflL 

Elatticity is that qiiallty which enables a body er 
boiler to Kiam to its original form after havniglMai 
iBrtor te d or ttntdied by aome extreme Ibraa^ 
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EXPLANATION OF TABLE OF BOILER PRES- 
SURES ON FOLLOWma PAGES. 

The horizontal columo on top of the page, i, 00, 
0, 1, etc., represents the number of the steel. 

The decimals, in the second horizontal column, 
are equal to the fractional parts of an inch in the 
third. 

The vertical column on the left hand side is the 
diameters in inches. All the other colunms repre- 
sent pounds pressure per square inch. 

Example. — 24 -inch diameter, i steel, 289.03 
pounds per square inch. 

Rule for finding the Aggregate Strain caused by the 
Pressure of Steam on the Shells of Locomotive Boilers. 

Multiply the circumference in inches by the length 
in inches ; multiply that product by the pressure in 
pounds per square inch. The result will be the ag* 
gregate pressure on the shell of boiler. 

EXAMPLE. 

Diameter of boiler.... 42 inchea. 

Circumference of boiler: 131.9472 " 

Length " 10 feet, or 120 " 

Pressure ** 125 lbs. 

131.9472 X 120 X 125 

— 20^ = 1,979,208 pounds, or 989 Uma. 
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TABLli 


■ 




OF SAFE INTERNAL PKESflUBES FOB BTEKL BOIUOB. 








i 


00 





1 


2 






TliickneBBof Steel. 


.376 
i 


.358 
[Scant. 


.340 


.300 


.284 








In. 


^ 
















24 


289.03 


275.52 


261.26 


229.74 


217.19 








26 


266.13 


253.73 


240.31 


211.65 


200.08 








28 


246.66 


235.13 


223.01 


196.20 


185.45 








30 


229.74 


219.00 


207.80 


182.85 


172,99 








82 


215.04 


205.06 


194.15 


171.^1 


161.91 








84 


202.10 


192.74 


182.85 


160.95 


162.22 








86 


190.63 


181.82 


172.50 


161.S6 


143.28 






Longitudinal 

Seams 
Single 

Eiiret«d. 


38 


180.40 


172.06 


163.26 


143.74 


135.96 






40 


171.21 


163.80 


154.35 


136.44 


129.06 






42 


16-190 


165.89 


147.45 


129.85 


122,88 






44 


165.37 


148.21 


140.66 


123.87 


117.17 






46 


148.50 


U1.C6 


134.43 


118.41 


112.01 








48 


142.22 


135.67 


128.75 


113,41 


107.29 








60 


136.44 


130.17 


123.53 


108.82 


100.03 








52 


131.12 


125.09 


118.72 


104.69 


98.96 








64 


126.19 


120.39 


114.26 


100.67 


95^ 








66 


121.62 


116.04 


110.13 


97,03 


91,81 








68 


117.37 


111.99 


106.29 


93.65 


88.61 








60 


113.41 


108.21 


102.71 


90.50 


85.63 








62 


109.71 


104.68 


99.36 


87.65 


82.89 








64 


106.24 


101.37 


96.22 


84.79 


80.28 








66 


102.98 


98.26 


93.27 


82.20 


77.77 








68 


99.92 


96.34 


90.32 


79.76 


76.47 








70 


97,03 


92.59 


87.89 


77.43 


73.29 








72 


94.31 


89.69 


85.42 


75,29 


71.24 








74 


91.74 


87,81 


83.09 


78.24 


69.80 








76 


89,30 


85.21 


80.89 


71.29 


67.46 








78 


86.99 


83.01 


78.79 


69.45 


65.72 




^^ 




80 


84.79 


80.91 


76.81 


67.70 


64.07 




1 






i 


1 
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TABLE-(aw«fHi«l) 
OF BAFE INTERNAL PRESSURES FOR STEEL BOIl^EBS. 



BntlflMOUAM 

WiBK Gauge. 


3 


4 


5 


6 


7 


8 


Thickness 


.259 


.238 


.220 


.203 


.180 


.165 


of Steel. 


iFuIl. 


jKScant 


iV 


A Pull 


ASc't. 


AFiill 


Rxternal 


In 

24; 


lbs. per 
sq. m. 

197.6;^ 


181.13 


167.33 


154.18 


136.44 


124.91 


Diflmeter 


26, 


182.13 


167.09 


154.24 


142.13 


125.80 


115.10 


A^A.l>lli vVv* • 


28^ 


1H8.88 


154.95 


143.04 


131.83 


116.70 


106.85 




30: 


157.42 


144.45 


133.36 


122.92 


108.82 


99.65 




32 


147.42 


135.29 


124.91 


115.14 


101.94 


93.36 




34 


138.60 


127.22 


117.47 


108.28 


95.88 


87.81 


Long. 

nAATnA 


36! 


130.80 


120.05 


110.86 


102.20 


90.50 


82.89 


38; 


123.82 


113.65 


104.96 


96.76 


85.69 


78.49 


Hiiigle 

Riveted 


40' 


117.55 


107.90 


99.65 


91.81 


81.37 


74.53 


42 


111.40 


102.71 


94.85 


87.45 


77.46 


70.95 


^wm W WwW\A« 


44 


106.71 


97.99 


90.50 


83.44 


73.91 


67.70 




46! 


102.04 


93.68 


86.53 


79.78 


70.67 


64.74 




48; 


97.74 


89.74 


82.89 


76.43 


67.70 


62.02 




50 


93.07 


86.11 


79.54 


73.35 


64.97 


59.12 




52 


90.15 


82.77 


76.46 


70.50 


62.45 


57.22 




54 


86.78 


79.68 


73.60 


67.87 


60.13 


55.09 




56 


83.65 


76.09 


70.95 


65.43 


57.97 


53.11 




58 


80.74 


74.14 


68.49 


63.16 


55.96 


51.27 




60 


78.02 


71.62 


66.19 


61.07 


54.04 


49.55 




62 


75.49 


69.32 


64,04 


59.06 


62.32 


47.94 




64 


73.11 


67.13 


62.02 


57.20 


50.68 


46.43 




66 


70.88 


65.09 


60.13 


55.45 


49.14 


45.02 




68 


68.77 


63.16 


58.35 


53.52 


47.68 


43.69 




70 


66.79 


61:28 


56.67 


52.27 


46.31 


42.44 




72 


64.92 


59.76 


55.09 


50.81 


45.02 


41.25 




74 


63.16 


58.00 


53.59 


49.43 


43.80 


40.13 




76 


61.48 


56.47 


52.17 


48.12 


42.64 


39.07 




78 


59.90 


55.01 


50.83 


46.88 


41.54 


38.061 


80 


68.39 


53.68 


49.55 


45.65 


40.50 


87 It' 



1M 
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T A B L E — (Cbn«»M«d) 
OF BAF£ INTERNAL PBESSURES FOB STEEL BOILKBB. 



BnunHGHAH Wnuc 
Oauox. 


» 


00 





1 


2 


Thickness of Steel. 


.375 
1 


.358 
{Scant. 


.340 


.300 


.284 




In. 


lbs. per 
Bq. ID. 








External 
Diameter. 


24 


361.29 


344.40 


326.68 


287.23 


271.49 


26 


332.67 


317.24 


300.78 


264.66 


260.14 


28 


308.26 


293.91 


278.77 


237.95 


231.90 




30 


•287.18 


273.48 


259.76 


228.67 


216.14 




32 


268.80 


266.34 


243.16 


214.01 


202.39 


Longitudinal 


34 


252.63 


240,93 


228.67 


201.19 


190.i8 


Serais, 


C6 


238.24 


227.27 


216.62 


189.83 


179.64 


Doublti 


38 


225.60 


216.08 


20107 


179.67 


169.96 


Riveted. 


40 


214.01 


204.13 


193.69 


170.66 


161.28 


Ourrilinear 


42 


203.63 


194.24 


184.31 


)'^2.31 


153.64 


Seams, 


44 


194.21 


185.26 


175.80 1 i64.88 


146.47 


Single 


m 


181.21 


177.08 


168.04 


148.01 


140.02 


Riveted. 


48 


177.77 


169.56 


160.94 


141.77 


134.12 




60 


170.56 


162.71 


164.41 


136.03 


128.69 




52 


163.90 


166.40 


148.01 


130.73 


123.68 




64 


157.74 


150.49 


142.83 


125.84 


119.06 




66 


162.03 


145.06 


137.61 


121.29 


114,76 




68 


146.72 


139.99 


132.86 


117.01 


110.76 




60 


141.77 


136.26 


128.38 


113.13 


107.03 




62 


137.14 


130.86 


124.20 


109.44 


103.65 




64 


132.80 


126.74 


120.27 


106.99 


100.29 




66 


128.73 


122.83 


116.63 


102.76 


97.22 




68 


124.90 


119.18 


113.18 


99.70 


94.34 




70 


121.29 


115.74 


109.86 


96.85 


91.62 




72 


117.89 


112.49 


106.78 


94.11 


89.06 




74 


114.67 


109.42 


103.87 91.66 1 


86.63 




76 


111.62 


106.51 


101.11 


89.12 


84.8G 




78 


108.73 


103.76 


98.49 


d6.72 


82.15 




80 


106.99 


101.14 


96.01 


84.63 


80.08 



flAKD-BOOK OF THE LOGOHOnVB. 



in 



T A B L E— (Cbn«fiti«l) 
A.FB INTERNAL PBESSUBES FOB STEEL B0ILEB8. 



HOHAX 

Gauge. 


3 


4 


6 


6 


7 I 8 


kness 


.259 


.238 


.220 


.203 


.180 


1 .165 


Jteel. 


JFull. 


i Scant 


A 


A Full 


ASc't.AFullj 




In. 


lbs. per 
sq.in. 












al 


24 


247.06 


22U.62 


209.16 


192.72 


176.63 


166.14 




26 


227.67 


208.87 


192.80 


177.66 


167.26 


143.98 


IVVW* 


28 


211.10 


193.69 


178.80 


164.78 


146.87 


133.67 




30 


196.78 


180.67 


166.71 


163.66 


136.03 


124.67 




32 


184.28 


169.76 


166.14 


143.92 


127.43 


116.70 




34 


173.27 


169.06 


146.84 


136.35 


119.85 


109.77 


ama 


36 


163.60 


150.07 


138.68 


127.76 


113.13 


103.61 


clLUB| 
1 


38 


164.73 


142.07 


131.20 


120.96 


107.12 


98.11 


pfAH 


40 


146.94 


134.88 


124.67 


114.84 


101.71 


93.16 


C/MTUa 


42 


139.85 


128.38 


118.57 


109.32 


96.82 


88.69 


ams, 


44 


183.42 


122.48 


113.13 


104.30 


92.39 


84.64 


46 


127.66 


117.10 


108.16 


99.73 


88.34 


80.92 


f\^^V^ 


48 


122.18 


112.17 


103.61 


95.64 


84.63 


77.63 


eted. g^j 
62 


117.24 


107.64 


99.43 


91.68 


81.22 


74.41 


112.69 


103.43 


95.53 


88.13 


78.07 


71.63 




54 


108.47 


99.60 


92.00 


84.84 


76.16 


68.86 




66 


104.66 


96.01 


88.69 


81.79 


72.46 


66.39 




68 


100.92 


92.67 


86.61. 


78.96 


69.95 


64.08 




60 


97.63 


89.66 


22.74 


7r..26 


67.60 


61.60 




62 


94.36 


86.65 


80.11 


73.17 


65.44 


69.93 




64 


91.38 


83.98 


77.53 


71.52 


63.35 


68.04 




66 


88.69 


81.36 


75.16 


69.32 


61.42 


56.28 




68 


86.97 


78.96 


72.94 


67.28 


59.60 


54.61 




70 


83.49 


76.68 


70.84 


66.34 


57.89 


63.05 




72 


81.16 


■ 74.63 


68.86 


63.51 


56.28 


61.56 




74 


78.96 


72.50 


66.72 


61.78 


54.75 


50.16 




76 


76.86 


7068 


66.21 


60.16 


63.30 


48.84 




78 


74.87 


68.76 


63.62 


68.60 


61.93 


47.58 




80 


72.99 


66.96 


61.94 


67.12 


60.62 


46.^^\ 
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PDRNACES OP LOCOMOTIVE BOILERS. 

The furnace is that part of the boiler in whidh 
the fuel is consumed, the heat generated and partially 
absorbed, the remaining absorption taking place in 
the flue tubes, which convey the products of combns* 
tion from the fire, through the water, to the smoke* 
box. 

Since the very general use of coal on railroads hat 
been adopted, and the carrying trade of the country 
has increased to such an enormous extent, it has be- 
come a matter of imperative necessity to obtain a 
materiiU for the construction of locomotive furnaces 
that oombines the qualities of rapid "steaming," 
strength, a"'^ durability. 

The relative meiits of iron and copper for the fur- 
naces of locomotive boilers, excepting in certain pecu- 
liar cases, are evidently quite as unsettled as any 
problem in locomotive economy can be. Were it not 
likely that both are to be superseded by B^ed^ the 
subject would merit a more thorough investigation. 

The comparative want of homogeneity in iron b 
both a direct and an indirect cause of its ultimate 
failure as a material for the furnaces of locomo 
tive boilers. Another disadvantage is its inferio? 
conducting power. This afiects the durability of 
furnace-sheets in proportion to their thickness, «f 
very thick iron plates give way sooner than thnse 

tt are thinner, because the heat cannot 
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thiougk them rapidly enough to preveut either burn- 
ing or excessive expansion on the fire side. 

The advantages of iron over copper are its superior 
str^igth, stiffness, and hardness. Its strength and 
stiffness allow the use of much thinner and lighter 
plates than would be safe in case of copper, since the 
latter metal, however thickly stayed it may be in flat 
parts, must have considerable thickness for flanging 
and riveting. 

Copper does not materially suffer j&om oxidation, 
or any other chemical action to which it is incident 
in the furnace-sheets. It is also a better conductor 
than iron. It is more uniform and homogeneous 
than iron, and will bear a greater d^ree of irregular 
expansion and detraction. 

Copper is softer, more ductile, and hence more 
easily worked than iron. It may be stretched to a 
greater extent in intricate flanging, and may be rolled 
into one plate of several thicknesses. 

The chief disadvantages of copper are its extra dead 
weight and first cost, and its comparative weakness — 
its tensile strength being but about 35,800 pounds to 
the square inch. Copper grows constantly weaker 
with heat, and at 1100^ it is weaker than lead. Its 
specific gravity is 8.9, while that of iron is 7.7. 

The thickness of copper furnace plates is generally 
j inch, while that of iron is j%. The copper is there- 
fore 85 per cent, heavier than iron. 

The rates of expansion of iron and copper, undei 

17 AT 
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diBsnuX Tarieues of tempentore. diSer tbit grefldy. 
ft liiu l>f9eu obeenred that m locomoiaTe bcnla' ex* 
(ftt'i^ 1^4 <^f lib iuch in a length of 15 feet, or, bkj 1 
6M in 1 /XXi, in rising from an ordinary tempentfnra 
uf VI'' U$ *'Wy' — the temperature of «team at 150 
(KiundK prefwure per square inch. 

A<^^r>nlirjg to well-known &ct8, copper expands by 
htf;at half m much again as iron, and taking the 
mim,ti temperature of the copper of the fire-box at 
imoM ai) 7nuch aa the shell, — an assumption "which it 
in n\i\i\Hm^\ is somewhat below the fact, — the vertical 
exfmiiHion of the fire-box would be, upon the whole, 
three tiiri<!H as much as that of the shell ; and the dif- 
ference oi' exfiansion would be twice that of iron, or, 
at the rate of 1 foot in 500. On a fire-box 5 feet 3 
ineli(44 hi^l), the difference of expansion would, at 
thiM rate, amount to i of an inch. 

Tlie experience of many of our leading roads 
showH that the average life or wear of an iron fire* 
box, ex(H«|>ting Ijowmoor iron, seldom exceeds ''three 
ytMirH," and often fails to reach eighteen months, (the 
phihy* in every instimce being carefully selected from 
the MtAiuiard brands of responsible manu&cturers ;) 
umuY shoots are blistered on account of poor welding, 
others ari^ *' burned out,'* and in some instances the 
mhiH^tii stvm to have hardened, becoming so brittle as 
to bo n'udilv bn^ken with the blow of a hammer. 

The internal i\^m>siou of iron tor fire boxes 
to be an ovil for which neither mechanical 
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iieiiustry has as yet suggested a practical remedy ; foi 
rater merely left under tlie iuflueuce of tbe atmoe- 
diere, in an open vessel, will cause corrosion, and 
low much more likely is the oxygen of the wat«r to 
Ittaclc the iron vhen the destructive force of heat la 
tdded? 

Besides this, water is rarely found pure. Almoil 

pvery river, spring, and veil contains chemical salts, 

ime of them of a very destructive quality. 

Sulpllur ia one of those minerals which experience 

u shown to have a disastrous effect upon the fur- 

icee of locomotives. There is a great deal of sulphur 

I eome qualities of coal, and the sulphuretted hydro- 

31 gas, disengaged from the fuel, readily attacks and 

]uickly destroys the quality of the metal. Thus we 

bave both external aud internal euemies against the 

irability of the furnace plates. 

Steel. — Ste«l seems to meet the demand for the new 

paterial for the furnaces of locomotives, and has been 

kble, under very varying circumstances, within the 

past seven years, to istabliah its superiority over iron 

' copper. 

Steel can be used in the construction of furnaces 
thin enough to transmit the heat rapidly from the 
fire to the water, and st'dl have sufficient tensile 
itrength to withstand the working pressure, with a 
nir&ce and fibre of sufficient density to resist the 
leetructive action of foreign substances in the water 
td fuel, more particularly the sulphur in bitumi- 
looa coal. 
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ision 1 
con- J 



A few yeara ago the Peimsylvania Railroad Ooi 
pany, under the direction and immediate supervision 
of Mr. Caasutt, the Buperinttindent of motive power 
and inacbinery, inaugurated and successfully con- 
tinued lui elaborate system of experimeuts upon 
the iniportanl details connected with i-ailroad motii 
power. 

In the matter of steel plates they embraced a 
larger amount of experience and information than 
any other railway company upon this continent. 

After a careful test of the besi qualities of iron 
and copper that could be procured in this country 
or in Europe, they were convinced that, upon their 
road at least, the durability of either iron or copper.i 
was not sufficient to warrant its continued 

On the contrary, their experiments in 
steel, at first in fire-boxes only, were in the bight 
degree successful — so much so, that in the constrao- 
tion of their fire-boxes it is now used entirely, and to 
a great extent in the general construction of the 
boiler. 

The high degree of tensile strength exhibited 
ateel plates, ranging from 76,000 to 100,000 pouu 
to the square inch, allows the use, with wfety, 
this material thinner than either iron or copper, thi 
reducing the weight, and rendering the difiereuce 
Kist cost of material an item of less magnitude till 
ia usually supposed. 

the deuity and perfect homogeneity of 



"J 
leir 
per^ 



^k ia usual 
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render it nearly impervious to the action of sulphur 
and other foreign elements in coal, which have 
proved so destructive to iron and copper, while its 
ductility and "flanging" qualities are only equalled 
bj the best copper plates. 

Another noticeable feature in connection with the 
use of steel plates for the fire-boxes of locomotives is 
the utter absence of the soot and cinder ordinarily 
found clinging to the sides of iron and copper fire- 
boxes; and as these are, as is well known, non- 
conductors of heat, they must greatly interfere with 
the steaming qualities of either of the latter mate- 
rials. 

A great amount of thought and mechanical talent 
have been devoted to the improvement of the fur- 
naces of coal-burning locomotives withiu the past ten 
years, but as yet with only partial success, for though 
various devices have been introduced for the purpose 
of rendering the combustion of the fuel more perfect, 
yet the results obtained have not been sufficiently 
satis&ctory to warrant the adoption of any of them 
into general use. 

The long, shallow fire-box and water-grate, with 
open stack, seem to be inseparable adjuncts to all 
locomotives consuming anthracite coal, and this, with 
a few modifications, may be taken as the rule wher- 
over this class of engines is employed, 

But with engines consuming bituminous coal th^^ 

questions to be considered, in connection with i 
17 » 
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oefltftil combustion, are nmneroas and important; toi 
while under ordinary circumstancee a good quality 
of bituminous coal may be consumed in an ordinary 
wood-burning furnace, yet to consume the difiexenl 
classes of this coal, succeesfully, requires a mechani- 
cal construction of fire-b< l different irom that em* 
ployed in burning wood or anthracite coaL 

PROPORTIONS OF FIRE-BOXES, FROM THB 
BEST MODERN PRACTIGK 

Materials. — Best homogeneous cast-steel* 

Bide and back sheets, /^ inch thick. 

Crowu-sheets, t inch thick. 

Flue-sheets, i inch thick. 

Water space, 3 inches sides and back, 4 inchoi 
front. 

Stay-bolts, } of an inch diameter, screwed and 
riveted to sheets, 4} inches from centre to centre. 

Crown-bars, made of two pieces of wrought-iron 
4} inches by | of an inch, set 4} inches £rom centre 
to centre, and secured by bolts fitted to taper holei 
in crown-sheets, with head on underside of bolt and 
nut on tcp, b'jPi-Jiig on crown-bar. 

C/c/fKsKti^j hracdd to do»:ie and outside shelL 

FiTtvdo'^r o^eu)^^ fuim;;d !jy fl<inging and liyeting 
together th*^ outes %aS siZiO/. A^^eocs. 
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SIBENGTH OF STATED SUKFACES IN THE 
FURNACES OF LOCOMOTIVE BOILERS. 

That part of the boiler which forms the sides of 
the fire-box is necessarily exposed to a vast pressure 
from the steam which is above it, and some expedient 
has to be devised to prevent the metal at this part 
from bulging out 

The two portions of the boiler — that is^ the fire- 
plates forming the sides of the fire-box and the plates 
forming the external shell of the boiler — are stayed 
together by bolts, that are tapped through from one 
side to the other, and riveted on each end. 

Stay-bolts are placed at a distance of 4} inches 
from centre to centre all over the surfaces of the fire- 
box, and thus the expansion or bulging of one side 
is prevented by the stifiness or rigidity of the other. 
Stay-bolts for the fire-boxes of locomotives are gen- 
erally i inch diameter. 

Now, in an arrangement of this kind, it becomes 
necessary to pay considerable attention to the tensile 
strength of the stay-bolts employed for the above 
purpose — since the question of the ultimate strength 
of this part of the boiler is now transferred to them, 
it being impossible that the boiler plates should give 
way (except through corrosion) unless the stay-bolts 
break in the first instance. 

Accordingly, all the experiments that have been 
made by way of test of the strength of stay-bolts, 



too HAND-BOOK OF THE LO^MOTIVB. 

possess the greatest interest for the practical engineer. 
Mr. Fairbairn's experiments are particularly yalu< 
able. He constructed two flat boxes, 22 inches 
square. The top and bottom plates of one were 
formed of i inch copper, and of the other i inch 
vron. There was a 2i inch water space to each, with 
}} inch iron stays screwed into the plates and riveted 
on the ends. In the first box the stays were placbd 
five inches from centre to centre, and the two boxep 
tested by hydraulic pressure. 

In the copper box the sides commenced to bulge 
out at 450 pounds pressure to the square inch ; and 
at 810 pounds pressure ^o the square inch the box 
bursts, by drawing the head of one of the stays 
through the copper plate. 

In the second box the stays were placed at 4 indi 
centres; the bulging commenced at 515 pounds pres- 
sure to the square inch. The pressure was continih 
ally augmented up to 1600 pounds. The bulging 
between the rivets at that pressure was one-third ot 
an inch ; but still no part of the iron gave way. At 
1625 pounds pressure the box burst, and in precisely 
the same way as in the first experiment, — one of the 
dtays drawing through the iron plate, and stripping 
the thread in the plate. 

These experiments prove a number of fiEUSto of 
great value and importance to the Ibcomotive en- 
gineer. In the fi];st place, it shows that with regiid 
to iron stay bolts, their tensile strength is at iMrt 
"qu&l to the grip of the plate. 
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Hie grip of the copper bolt is evidently less. As 
each stay, in the first case, bore the pressure on an 
area of 5 x 5aB25 square inches, and in the second, 
on an area of 4x4 = 16 square inches, the total 
strains borne by each stay were, for the first, 815 X 25s» 
9 tons on each stay ; and for the second, 1625 x 16=^ 
11} tons on each stay. These strains were less, how- 
ever, than the tensile strength of the stays, whic) 
would be about 14 tons. 

The properly stayed fire-box is the strongest par 
of a locomotive boiler when kept in good repair. 

STAY-BOLTS. 

A question here arises in regard to the superiority 
of iron or copper for stay-bolts; and if it were merely 
a matter of strength, there could be no doubt that 
iron is the better material. But it is not a mere matter 
of strength — it is the durability of the metal that the 
engineer is most concerned with, and from this point 
of view there can be no doubt that copper is superior 
to iron for this purpose. 

There are two great evils connected with iron 
bolts: (1) they crystallize; (2) they corrode. In 
^ther case they are likely to snap in halves under 
any extraordinary pressure — that is, at the very 
moment when their services are most needed. 

CSopper has neither of these faults. It has ex- 
treme tenacity up to a certain point of its workm{^ 
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and tKe hot water does not corrode it in the least 
Borne engineers have tried the efiect of placing inn 
stays in two or three of the upper rows, and copper 
in the lower rows, where the corrosive influence of 
the water is more power^l. 

But this is opposed to all practical experience, for 
the upper bolts are always found to break most fre- 
quently, from tiie superior expansion of the inner 
plate ; hence, the material that will endure the most 
bending should be employed for them. 

The total working strength of copper and iiOD 
stay-bolte, } ioeh diameter at the base of the thread, 
screweti and riveted into } inch copper plates, taken 
at i of the breaking strain, is, &r copper, 3200 
pounds, and for iron 4800 pounds. For i inch bolts, 
in i inch iriMi plates, 5600 pounds. 

Steel stay-bolts have been occasionally employed 
in the furnaoo^ of locomotive boilers with good eflfect 
When they have a spring temper they seem to stand 
the etfeot of ooutraotion and expansion better than 
any other material, since their small diameter and 
great elasticity would permit them to conform to all 
moderate variations in the boiler caused by oidinaij 
d^ree* of temjvrature. 

The safe working strength of copper, iron, and 
siet^l siay-bv^lts may be estimated at about } of tke 
uliimaie strvii^rih : but if the screws are cot witldi 
the orivrinal diameter of the bolt, -^^ of the w orka g 
tueogth must be deducted. 
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CROWN-BASS. 

Tho use of crown-bars is to strengthen the crown- 
sheet of the fire-box; and they should be tested 
transversely, in order that their stiffness may be 
fully proved. 

Il has been found, in practice, that crown-bars I 
of an inch thick, 4i inches deep, 1} inches from 
centre to centre, 3 feet 6 inches long', with their ends 
resting on the upper edges of the side furnace-sheets, 
would sustain a load of 15 tons in the centre without 
permanent set 

TUBES. 

There seems to be a great difierence of opinion 
among railway mechanics with reference to the best 
material for tubes, as copper and brass, which had 
been extensively employed for wood, seemed to feil 
under the mechanical action of flying particles of 
anthracite coal. 

The use of tubes is to conduct heat to the sur- 
rounding water at the least possible cost — the items 
of cost being, 1st, waste heat ; 2d, maintenance of 
tabes. Granted, that the best conducting tube is the 
least durable, and that the poorest conducting tube 
is the most durable, the question is — by avoiding 
which species of expense shall the highest economy 
be attained ? 

Steel tubes, for coal-burning engines at least, seem 
to afford better results than any other material 
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io tue, as they can be made lighter, and poeBBBi 
tteamiog qualities equal, if not superior, to either 
copper or brass, while the nature of the material 
affords the requisite d^ree of sur&ce resistance to 
the chemical action of the water in the boiler. 

Next to steel, for coal-burning engines, iron, un< 
floubtedlj, gives the best results. The great diffi- 
culty heretofore experienced in setting them, and 
afterwards keeping them tight, is now permanently 
obviated by what is known as the "safe end" — a 
copper thimble placed on the end of the flue, in such 
manner that when the flue is expanded the copper 
readily adapts itself to the surface of the flue, and 
thus forms a packing, or set, in the flue-sheets. 

Wearing of Tubes. — Wearing generally occurs 
at the firo-box end; the flange by which the tube is 
sot is often burned or cut through. 

Resistance of Tubes. — The resistance of tubes is 
ninnifostly due entirely to their hardness ; the mate* 
rials thou range in the following order — steel, iron, 
brass, copper. 

Burning of Tubes. — The burning of tubes is en- 
tirely due to a contracted water space, bad circula 
tion WtwiH?n them, and the deposit of scale adhering 
to the outer surface caused by impurities in the water. 

^Vhen bnuss and copper tubes become over-heated, 

the eloi^c^ition of the metal causes them to bucUs 

and sag« and as a result^ the water-spaoe bring veij 

luch diminished, and the tubes perhi^ Vwm^jI 

h oib&r, they are aoon burned owv 
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Breaking of Tubes. — The breaking of tubes geu- 
eraliy occurs close to the fire-box tube-shell aj]d the 
shell of the boiler, Copper will ataiiii this action 
better tliHQ the harder materials, but it hue more to 
Btand by reason of ils larger limit of expanaion. 

Steel Tubes. — Steel tubes, however, possess all 
the good qualities of copper, due to homogeneons- 
neas, without ita great bmit of espansion, in odiU- 
rion to the streugth of iron. 

Sagging of Tubes. — The sagging of tnlies is d&- 
pendent on the softuess of the metal and on the 
length and diameter of the tube and its consequent 
stiffness. 

Leakage of Tubes. — The leakage of tubea is the 
result of defective setting, unequal expansion or 
overheating. 

Corrosion of Tubes. — Copper and brass are quite 
superior to iron, resisting both the action of the 
water and the sulphur in coal. Steel approaches the 
excellence of copper in both these particulars. 

Length and Diameter of Tubes. — Tubei^ 2 inches 
in diameter and 1 1 feet long, placed in vertical rows 
I of an inch apart, give most satisfactory results, 
as such an arrangement admits of an easy circular 
don of the wat«r and free escape of steam from the 
benling surface to the steam dome, besiilee giving 
ready access lo the mud In its passage from the water 
to the bottom of the boiler. 
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TABLE 

OF SUPERFICIAL AREAS OF EXTERNAL SURFACSB Of 
TUBES OF VARIOUS LENGTHS AND DIAMETERS TB 
SQUARE FEET. 

These tables are designed to facilitate the calcala- 
tion of the heating surface of the tubes in tubular 
boilers, and are adapted for tubes of various lengths, 
from 8 to 13 feet, advancing by inches, and of 
various diameters, from If to 2i inches, advancing 
by i of an inch. 

Explanation. — The large figures at the end of 
the horizontal lines give the length of tubes in feet, 
and the small intermediate figures on the same line 
give the additional inches. The vertical column on 
the left gives the diameters of the tubes in inches. 
The numbers in the tables represent the superficial 
area of our tube in square feet, and decimal parti 
thereof, for the different lengths and diameters of 
tubes required. 

Example. — Required, the heating surface of 168 
tubes, 1} inches diameter and 11 feet 10 inches 
long. Thus, having found the length- (11 feet 10 
inches) in the above-named horizontal line of figurefl) 
trace downwards to the line opposite the diameter 
(H) in the veitical column on the left, where wiB 
be found the number 5.421, being 'he area of the 
tube, and which, being multiplied by the nomberof 
tubes (163), gives the total area of 883,623 squan 
feet, thus reducing the whole process to • tfaqpb 
mmtter of multiplication. 
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COMBDSTION OP FUEL IN LOCOMOTIVE 
FURNACES. 

In the locomotive furnace the main loss U i 
tltiued by the immense velocity in gases when the 
gine ia under heavy strain. A nozzle that will givt 
uuder ordinary strain of engine, very eatisfactor) 
Bulle, will, under a heavy strain, tear out the 6re 
reduce the temperature in gases to a degree * 
ignition is impossible. This velocity might, to 
extent, be reduced by giving a larger grate-surfkce 
but in locomotivea this cannot be done beyond 
tain limit, without inconvenience and loss in 
parte of the machinery. 

A locomotive under 9,600 pounds strain — even 
the influx of the air was well regulated — would a 
have a velocity in gases equal to 72 feet per secoi 
or that of a storm. This is mainly owing to I 
small available grate-surface, which forces the c 
rent to accept a high velocity to fill the vacni 
nuide in a given time. 

This may be in part avoided by hollow stay-boll 
but, while their use is beneficial for the above-mi 
tionedpurposes, they are productive of an evil tilm< 
a bad — tbat of receiving at times too much o: 

Different devices have been resorted to. snch 
k arches, water-tables, and deflectors, for the p 
f creating a recoil of the currents and incre 
e £7cttou^ which may react on the g»l»« 
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fiu^ thereby leeseniiig the influx of air, and keepin;^ 
the gases in contact with the fire for a longer periodi 
in order to render the combustion of the fuel mor* 
perfect. 

But even these means are but imperfect, since th« 
eanent is never constant, and the square surface of 
the nozzle always so, which must create imperfeC' 
tions. The only radical mode of obviating these de* 
ftooicies, therefore, seems to be to regulate the influx 
of air according to requirements, which may be ef« 
fected by the exercise of care and good jodgmeot 

light passenger eogfiies always consume the ftid 
to a better advantage than the heavy Cr»gbt «f)gio4«, 
because their grate^arfiux is belter prcqiorti^MM^d to 
die work done, and in a light strain th« prop«>rtJ/>o 
h et w eeu the steam expelkd and the air inhaM is 
the eomet ooeu Reside tlMre b<e!iog i^» 
huge quaotitjof air xnhal^ii, there ouujy/t \^. a very 
vdodtv in the caamsot ; vxM^^jvs^Xy, iL^ ^h^ 
the «xy^« afid tLe I.7&iA/>pm j^»Mf k 
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in poands between the 
r inhaled ought to be, is 



Fint.— The, difference i 
dteam exhausted and the ai 
all cases, about the same. 

Second. — The bulk of fuel on the grate should 
always be in proportion to the fiiel coueumed. 

l^ird. — The grate^urface ought to be as large u 
possible, to prevent a great velocity of cuireat. 

Fourth. — The escape of gasee from the furnace 
should be retarded, in order to prolong the ccmtact 
between the oxygen and the gases, under a very high 
temperature. 

Fifth. — It should always be kept in mind that too 
much draft, though not so inconvenient, is just M 
injurious as not enough. 




'S LOCOMOTIVE — 17B4. 
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The above cnt representa the smoke-box of the locomo- 
tive-boiler. A, A, arch-pipes; B, double-cones ; D, pet- 
ticoat-pipe ; E, £, E, E, tubes ; C, C, ezhaust-pote. 

SM0EE-60X. 
The diameter of the smoke-box should, in all cases, 
be equal to the diameter of the boiler, and its length, 
from the &ce of the flue-sheet to the inside of the 
front door, about 11 times the length of the stroke 
of the en^ne, as the size of the smoke-box baa much 
to do with the perfect combustioD of the fiiel. It is 
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well known to engineers that the smaller the smoke' 
box the duller the fire ; and, on the other hand, with 
a large smoke-box a large quantity of ab* will be 
admitted to the fire, and the combustion of the fuel 
rendered more perfect. 

The smoke-box acts upon the fire as an air-vessd 
upon a pump — the larger it is, within certain liniitBi 
the more benefit will bevderived from the fuel, as the 
exhaust does not jerk the fire or carry it out before it 
is consumed, as is generally the case when the smoke 
l)ox is small. 

SMOEE-STACKS. 

None of the forms of smoke-stacks now in use will 
answer for all classes of locomotives, consequently 
the style of smoke-stack best suited to any engine^ 
or class of engines, will depend entirely on the duu^ 
acter of fuel to be consumed. For wood-burning 
engines the "bonnet" stack, having a diameter of 
from 5 to 5i feet at the top, gives the most satis£M>- 
tory results, as this form of stack insures a better 
draft, other things being equal, than any other pai* 
tern now in use. There may be other stacks that 
more efiectually prevent the emission of sparks, boi 
it is accomplished at the expense of the draft. 

A large diameter at the height of the coney and s 
large area of wire-netting, are necessary to insure 
good draft and prevent sparks being ejected in ^ 
'^otionable quantities. 
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The inside pipe of the stack should be as high as 
practicable, and from 4 to 4} diameters in length ; 
the bottom, where it joins the smokebox, ought to 
be bell-mouthed for 5 or 6 inches up. The next 18 
inches the pipe might be straight, and, as a rule, about 
one inch smaller than the diameter of the cylinders ; 
from that to the top the pipe should enlarge at the 
rate of 1 inch to the foot, the inside of the pipe to be 
as smooth aspossible. 

This form of pipe offers the least resistance to the 
ascending column of steam, and produces a better 
draft than any other. 

8moke-8tack8 for engines burning soft coal require 
a different construction at the top from those burn- 
ing wood, as they require less area around the cone 
'ihsn wood-burners. 

A stack that will clean itself well — that is, permit 
no lodgment of sparks or cinders in it or in the 
smoke-box — and at the same time throw no fire or 
large cinders, and has a good draft, will answer best 
for burning soft coal. 

The particular form for the top of the stack is not 
very material, yet that known as the diamond-shape 
top, with an annular space between the outer edges 
of the cone and wire netting of from 3 to 4 inches, 
gives very satisfactory results, as by this arrange- 
ment the gumming of the netting is avoided. 

For engines burning anthracite coal, the plain open 
stack, without cone or netting, gives the best satW 
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EXHAUST-NOZZLE, 



Double eshaust-nozzles are in all cases preferal 
to aingle, on account of the back pressure prudiu 
by the single nozzle in the opposite cylinder at tl 
moment and during the continuance of the exhaui 

The top of the exhaust-nozzles should be as h 
as the third or fourth row of tubes from the botti 
and they should be as close as possible, ; 
directed that the exhaust steam will strike the ci 
of the cone at the top of the stack. 

Petticoat- or Clearance-pipe. ^ The petticoat- 
pipe, in good practice, is generally about I the diame- 
ter of the inside pipe of the stack, and to give h 
fiietory results, the top of the pipe ouglit to be aboi 
three inches below the top of the smoke-boi, and ti 
bottom the same height, or even with the top of t] 




Grate-bars. — For wood- and soft coal-bumi 
locomotives the old ordinary grate, with about i h 
opening, gives very satisfactory results. For anthra- 
cite eoal-bumera the water-grate or water-tubes are 
extensively used, and seem to answer a very good 
purpose. 

Ash-pans.— The ash-pans for wood- and 
burning engines should be as nearly air-tight t 
aible when the dampers are closed. 

For wood-burning engines the depth from the 

B of the grates to the ash-pan ought to be aboi 



■a are 
good 
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indies; for soft coal-burners, not less than 10 inches; 
and for anthracite coal-burners 12 to 13, or even 14 
inches. 

Dampers should be used front and back, and when 
?hut, stand at an angle of about 35^ from perpendic- 
olar ; the bottom of the ash-pan should be rounded 
up cr raised about two inches at each end. 

Side doors are very convenient on^ coal-burners 
for cleaning the pans out. 

SAFETY-VALVES. 

Hie form and construction of this indispensable 
adjunct to the steam-boiler are of the highest impor- 
tance, not only for the preservation of life and prop- 
erty, which would, in the absence of this means of 
safety, be constantly jeopardized, but also to secure 
the boiler from undue strains and ultimate destruc- 
tion. 

Increasing the pressure to a dangerous degree, in a 
steam-boiler, would be impossible if the safety-valve 
were what it is supposed to be — a perfect means for 
liberating all the steam which a boiler may produce 
with the fires in ^11 blast, and all other means for 
the escape of steam closed. Until such a safety- 
valve shall be devised and adopted into general use, 
safety from gradually increasing pressure must de- 
pend« to a certain extent, on the watchfulness of the 

engiiieer. 
IS 
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It is supposed that a gradually increasing pressnn 
can never take place if the safety-valve is in good 
working order, and if it have proper proportionst 
Upon this assumption, universally acquiesced in, 
when there is no accountable cause, explosions are 
attributed to the " sticking" of the valves, or to " bent 
valve-stems," or " inoperative " valve-springs. As the 
safety-valve ig the sole reliance in case of neglect or 
inattention on the part of the engineer, it is impor- 
tant to examine its mode of working closely. 

The safety-valve is designed on the assumption 
that it will rise from its seat under the statical pres- 
sure in the boiler, when this pressure exceeds the ex- 
terior pressure on the valve, and that it will remain 
off its seat sufficiently far to permit all the steam 
which the boiler can produce to escape around the 
edges of the valve. 

The ordinary safety-valve, as at present constructed, 
consists of a disc, which closes the outlet of a short 
pipe leading from the boiler. The area of the disc, 
or diameter of the valve, is usually determined firom 
theoretical considerations, based on the velocity of 
the How, or upon the results of experiments made to 
ascertain the area of orifice necessary for the flow of 
all steam a boiler can produce under a given prei* 
sure. The fact is recognized by engineers and con- 
structors that the real diameters of safety-valves mat 
be greater than the theoretical orifices, because com- 
mon observation shows that the valves do not 
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ftppreciaoly from their Beats ; and to make the outlei 
around the edges of the valve equal in area to thti 
pipe, the valve should riae in all cases i its diametor, 

Every locomotive boiler ahould have two safety- 

ilves, held in place by springs of sufficient elasticity 
to permit a lift of valve from its seat to give the re- 
quired area of opening for the escape of all tha 
steam such boiler will make without a greater in- 
crease of pressure per square inch than five pounds 
over that at wliich the valve commences to rise. 

With the lift of one-sixteenth of an inch, at a pres- 
aure of 130 pouods per square inch, two three-inch 
valves would permit the escape of 12 cubic feet of 
Bteara per second, or nearly double the quantity that 

boiler having 900 square feet of heating eurtkce 

ill supply. 

The springs connecting the safety- vulvca &oni 
levers with the boiler should be of sufBcieut length 
to permit a lift of the valves from their seats of at 
least j'a of an inch with no greater addirtou of prea- 
thau five pounde per square inch above the 
maxim um pressure. 

The valve-3eata of safety-valves should in all 

sea be made of brass, and the bearing or mitre on 
ihe valve face should not exceed ^ of an inch. 

Every engineer should know that the safety-valves 
OD his boiler are at all times .in good working order, 
tnd any engineer that would screw or weigh down 
hia aofety-valvea for th^ purpose of inereaaluK th« 
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Or, taking average values, the rise for pressurei 
from 1 Ut 40 fxiunds is -^^ of an inch ; from 40 to 70 
|H>ijrirlH 1,'^, and from 70 to 90 pounds, j^jf of an inch. 

Tiif!H<; rc^tults show that the rise diminishes rapidly 
KH tho pnrHHiiro increases — a result which is indicated 
\ty Lh<M»ry.* The very small rise for pressure &om7D 
t<) \H) )}{>tiri<lH, ,^g of an inch, is remarkable. 

Saft'ty^mlvcji are only a means of safety when weU 
ronM(riirt(Ml and well cared for. 

TrstH of Hiifoty- valves are very much needed, and 
HhoiiM HToivo s])(HMal attention from master meehui" 
icH, «*n^iii('ors, and stoani users in general ; bnt teitii 
to ho of tiny valuo, mu8t be practical, and ahoald be 
dono hy svilvjivtinj; thoni to actual uw on steam-boil* 
unt UiMt wetv <loing regular duty. 
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STEAM-GAUGES. 

It u generally admitted that boiler explosions take 
place from different causes, and prominent among 
these, causes are weakness, faulty construction, and 
over-pressure. It is to provide against the latter 
contingency that a goad gauge Is a real necessity 
wherever steam is employed ; but it is also a well- 
known &ct that about one-half th^ gauges in use are 
dther notoriously unreliable or completely worthless. 

Imperfectly graduated in the first place, and liable 
to become still further out of the way after a little 
use, many of them are really sources of danger 
instead of safety; for their erroneous indications 
create a feeling of safety which sets the vigilance of 
the engineer to sleep. Even gauges bearing the 
most satisfactory test, when new, are oftentimes found 
to be utterly unreliable when placed upon boilers 
and subjected to the conditions to which all gauges 
are subjected when in use. 

Steam-gauges, like safety-valves, are only a means 
of mfetiy when properly constructed, accurately grad- 
uated, and well cared for. 

A great many worthless gfeamrgauges are palmed 
oif on steam users, the only proof of their efficiency 
being that they worked well under some experimen- 
tal test; but when subjected to the conditions of 
constant use, they have proved utterly worthless. 

Practical tests of steam-gaugea are very mucli v 
19* 
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INSTRUCTIONS FOR THE CARE AND HAM^ 
AGEMENT OF LOCOMOTIVE BOHiERS. 

After heavy rains the water should be frequently 
ruu out of the boiler, in order to prevent the depodt 
of sediment on the sheets and flues. 

The deposits of scale and earthy matter should be 
removed from the crown-sheet as often as possible, in 
order to prevent the crown-sheet from being burnt or 
sprung. 

Every locomotive boiler should be provided with 
mud plugs on the sides of the shell on a level with 
the crown-sheet, for the purpose of washing out the 
mud with a hose from between the crown-bars. This 
could be done without weakening tlie boiler by rivetp 
ing an extra piece on the inside of the shell in the 
line of the holes. 

The accumulations of mud should be removed 
from the water-legs of the furnace and the barrel of 
the boiler as often as convenient, and the spaoei 
thoroughly washed out with a hose. 
. Boilers should never be blown put while hot, as 
the plates, flues, and braces retain sufficient heat to 
bake the deposits of mud into a hard scale, that be- 
comes firmly attached to their surface. 

l^he boiler should always be allowed to stand fer 
several hours, or until it is cold, before the water ii 
run out ; the deposit of mud and scale will then bi 
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found to be quite soft, and can be easily washed out 
with a hose from all accessible places. 

There seems to be an impression in the minds of 
some engineers that blo¥nng out a boiler under pres- 
sure has a tendency to remove the deposits of mod 
from the boiler, but experience has shown this to be 
a very grave mistake, as already shown. 

Boilers should never be filled with cold water 
while hot, as it has a very injurious effect, causing 
levere contraction of the seams and stays, which very 
often induces fracture of stays or leakage in the 
seams and tubes. 

Many boilers, well constructed and of good mate- 
ria], have been ruined by being blown out under a 
^ig;h pressure of steam, and then suddenly filled with 
<^ld water. 

I^ractures, strained joints, and leaky tubes are gen- 

c*^ly attributed to poor workmanship and poor ma- 

^^Hal, when the mischief generally arises from the 

"Oiler being blown out under high steam, or filled 

^th cold water while hot^ 

The tubes of boilers beiog generally of thinner 
''Material than 'the shell, consequeDtly cool and cou- 
^>^t sooner ; for this reason the boiler should never 
^ filled with cold water while the tubes are hot. 

If it is expected that the boiler will last to a good 
M age, ana render faithful serv^e, it must be well 
eared for. 



224 BAND-BOOK OF THB LOOOMOTTOL 

FIKEMEN ON LOCOMOTIVES. 

The general custom on nearly all the principal 
railroads in this country is to promote their firemen 
to the position of engineers, as it has been found, by 
experience, that locomotive engineers promoted firom 
firemen were more reliable than machinists' taken 
from the shops, unless the machinist has had sufficient 
ex|)erience as a fireman to make him well acquainted 
with the duties of engineers; and with this object in 
view, particular attention is paid to the selection of 
young men for firamen, and none but amart^ active 
young men of good moral character and perfectly 
sober habits will receive any encouragement. 

After firing for about three years, if they give evi* 
dence of sufficient capacity and carefulness, they m 
generally placed in the repair shop or round-hooee 
for one year, to enable them to learn the use of tooli^ 
but more particularly to make them acquainted and 
fitmiliar with the construction of the locomotive en- 
gine and the manner of taking its machinery apart 
and putting it together again. 

If, at the end of the candidate's fourth year, ha 
has conducted himself properly, and given sufficient 
evidence of his knowledge of the construction of a lo- 
comotive engine and its management to make a good 
engineer, he is promoted to a thirdrcUua engineer, with 
pay of twenty dolUrs per month less than that of n 
Jirsidass engineer ; but if not found capable, he ii 
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After one year's trial as third- cliias, if lie etill g^vea 
'idcnce of capacity ami oarefuliitws, he is advaaoed 
le grade higher, or lo the position of seeond-class, 
itii pay i)f ten dollars p'^r month lean than a first 
ana engineer. 

I^ after the expiration of one year aa a eecond- 
Ibbb engineer, lie is qualified in everyway for a first- 
engineer, he is advanced to that grade with first- 
lasa pay ; but If not found competent in every par 
Icular, he is considered out of the reguJar order of 
emotion. 

In view of the above facta, it is perfectly obvious 
tat every fireman who aspires to the position of a lO- 
imotive engineer ought to inform hiraseltj as far an 
ibie, on all questions connected with the care and 
lanagement ot'the locomotive engine and boiler. He 
lould improve every opportunity, make good uee 
leisure hours, connect himself with some public 
irary, read scientific hooka, especially those treat- 
subjects connected with his trade or calling, 
id endeavor to gain all possible information on all 
ibjects connectfid with his business from the most 
liable and practical sources. 
He should ask questions relating to his businew 
persons that be has reason to l>elievo are competent 
inform him, as he can do so without any sacrifice 
Reeling, being aware that he is not expected to 
low much about the duties of hia calling at tbu 
of his apprenticeship. 
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He m*JS( remember that if the prnftjainn or call- 
ing of the locomodTO engineo' is to be dignitied, Om 
men tkju ibilov u fi>r m nde most also be elevBAed 
— ihat ic is not tbe work whi^ gives dignitj to 
liie Fi*n^ it is the chanurier of the man that giffli 
diguitr to the Tocaooa he punneB; that it is only 
when one clas or mcchanio& becomes equal to anolhei 
ia respect to intelligenoe, culnue, and rrfinfflUMt, 
that their calling becomes equally dignified; sad, 
also, that the cultivation of the mind ia the fins itef 
towards eininenee in any trade or prafeasion. 

He must understand that men's labor is like me^ 
chandise, — the price is regulated, to a eertain extanti 
bv the demand, and if there are different qualite 
of the same article in the market, and purdiaseia sic 
expected to pay as much for the inferior article ai 
for :he go«:>d one, they will very naturally take the belt 

£very liremaji who goes on a locomotive with the 
intention of becoming an engineer should do so with 
the determination of making himself* if po8Bibl6» a 
first-olass engineer. But we know that it is not pot- 
eible for all to do this, as there is amoi^ firemen, « 
in all other trades and professions, a great msiqf 
men who are totally unfit for the bu4nness-- mm 
"that perhaps would succeed, to a oertun extent, ia 
Bome other pursuit, but who become a fidlure, and 
often a reproach on the profession they have adopted, 
limply for the reason that they made a mistake b 
the selection of a suitable trade. 
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Ko fireraaii Ehould make up liJs mind to become 
HI) engiaeer unless satisfied that he possesses the fo]> 
lowing Datural qualificatious : 

1. The power of loag continued and unwearied at-' 
lention, that he may be able to watch the road and' 
his engine without the slightest relaxation, during the 
longest possible trip. 

2. Endurance, both of body and mind, which in 
se of accidents and delays is often tested tfl the 

utmost. No man easily worn out has any busineao 
with running a locomotive. 

3. Shaqmess of sight, power of distinguish iug 
colors of signals, soundness of hearing, and gener^ 
tUlf that periection of the senses which enables on» 
to observe accurately objects at a distance. 

Energy, decision, and presence of mind, the ab- 
sence of which in a runner will probably cause him 
to lose a train, or a life, or raany lives in the couraa' 
of bia service. 

Akin to the above ia alertness of mind, which 
makes men alive to the slightest occurrences within 
reach of their senses, and is often strikingly devel- 
I in hunters and men having charge of Bentriw 
Bud outposts in time of war. All the senses can b* 
tmltivated, sight excepted. 



I 
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FIRING. 

In estimating the relative merits of different looo> 
motives, it is always assumed that the fuel is 
burned under conditions with which the men who 
supply coal to the ^maces have nothing whatever 
to do — in short, that any man who can throw ooab 
on a fire and keep his bars clean must be as good as 
any other man who can do, apparently, the same 
thing. But this conclusion is totally erroneous, as 
it is within the experience of every cbgineer that 
many engines now in operation throughout the ooon- 
try consume from two to three times as much fuel, 
per horse-power, as is required in those that are more 
perfectly constructed and economically managed. 

In every case, a large proportion of this waste 
occurs in the furnace ; and while some of it is una* 
voidable, much of it is due to bad firing, and this 
bad firing is as often due to the want of knowledge 
as to carelessness and inattention. 

When the coal is in large lumps, so that the spaces 
between them are of considerable size, the depth may 
be greater than where the coal is small and lies 
compactly; and where the draft is very strong, so 
that the air passes with great velocity over or through 
the fuel, there is not time for the carbonic acid to 
combine with and carry off the coal, and consequentlj 
a bed of greater depth may with propriety be iiaed. 
Of course the depth in all cases must depend, to a 
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BTtain extent, to the judgment of the fireman ; and 
il unnecessary waste, he ahould aee that the 
coal is e?enly spread over the grate, and ihat there 
kre no spaces through which streams of air pa» 
iritbout coming in contact with the fuel. 

Masses of clinkers are sometimes carelessly allowed 
K) accumulate on the grate ; these, beiug incombusti- 
ble, allow air to pass over them without producing 
my result ; and when this air mixes with the pro- 
lucts of comhustion, it lowers the general temperature, 
Ind 80 detracts from the efficiency of the fuel. All 
[linker and incombustible matter ahould be removed 
IB soon as possible, and the coal should be spread 
fvenly and compactly — no thin places on one p«t 
>f the grate and large heaps on another. 

Then, as the air costs nothing, while fuel is quite 
Kpensive, we must be very careful that none of the 
latter is allowed to pass out of the furnace without 
jeing fully neutralized. But white it would be i 
hlr to expect ordinary engineers or firemen to have 
I minute acquaintance with the higher departments 
rf chemistry, it is not too much to ask that they 
ihould have a moderate familiarity with tlie princi- 
[>les of combustion, and other fiicta and laws relatiuy 
n heat, as well as such ordinary mechanical problems 
ind theorems as are necessary to the performance 
}f their duties in a safe, practical, pad economical 
{nanaer. 
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THE INJECTOR. 

Of all the inventions of the mechanic and the 
icientisty nothing seemed to the uneducated to ap- 
proximate so nearly to perpetual motion as the 
instrument now in general use as a boiler-feede< on 
locomotives and stationary engines, and known as 
the injector, and which, from common use, no longer 
excites the wonder even of those who do not under- 
stand its mode of operation. 

It consists of a slender tuhe, called the steam-lube, 

through which steam from the boiler passes to another 

or inner tube, called the receiving-tube. The latter 

tube conducts a current of water from a pipe into 

tiie body of the injector. Opposite the mouth of this 

s^Qond tube, and detached from it, is a third fixed 

t;xibe^ called the delivery-tube. This tube is open at 

^Jie end facing the water-supply, and leading from 

t^Jie injector to the boiler. 

The action of the injector is that which Venturi, 

the beginning of the present century, designated 

the "lateral action of fluids," and, having been 

^^Xivestigated by Dr. Young, in 1805, was proposed 

y Nicholson, in 1806, for forcing water. The action 

identical to that of the steam-jet, or blower-pipOj 

iii the chimney of the locomotive. The principle is 

^liat steam, being admitted to the inner tube of the 

Uijector, enters the mouth of a combining-tube, in 

the form of a jet, near the top of ike \iA<&\. ^ 
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pipe. If the level of the water be below the injector, 
the escaping jet of steam, by its superficial action (or 
friction) upon the air around it, forms a partial 
vacuum in the combining-tube and inlet-pipe, and 
the water then rises in virtue of the external pressure 
of the atmosphere. Once risen to the jet, the water 
IS acted u|>on by the steam in the same manner as* 
the air had been seized and acted upon in first form- 
ing the partial vacuum into which the water rose. 

Gifikrd's discovery was that the motion imparted 
by a jet of steam to a surrounding column of water 
was sufficient to force it into the boiler from which 
the steam was taken, and, indeed, into a boiler work- 
ing at even a higher pressure. But the most im- 
portant improvement ever heretofore made in the 
injector was made in 1868, by Samuel Rue, by which 
the injector, with steam of from 80 to 90 pounds' 
pressure, is capable of forcing water against a pressure 
of from 400 to 450 pounds per square inch. 

This extraordinary accumulation of power maybe 
explained as follows ; The velocity with which steam 
— say at 60 pounds' pressure to the square inch — 
flows into the atmosphere is about 1700 feet per sec- 
ond. Now suppose that steam is issuing, with the 
Cull velocity due to the pressure in the boiler, through 
a pipe an inch in area, the steam is condensed into 
water, at the nozzle of the injector, without suflferiiig 
any change in its velocity. From this cause its balk 
will be reduced, say 1,000, and, therefore, its 
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of cross-section — the velocity being constant — will 
experience a similar reduction. It will then be able 
to enter the boiler again by an orifice j^^thpart 
of that by which it escaped. Now it will be seen 
that the total force expended by the steam through 
the pipe, on the area of an inch, in expelling the 
steam jet, was concentrated upon the area y^oiF^^ 
of an inch, and, therefore, was greatly superior to 
the opposing pressure exerted upon the diminished 
area. 




RUE'S "LITTLE GIANT" LETTER "B" INJECTOR 

How to put on Letter "B" Injector. — Put the 

Injector in a horizontal position above the foot-board, 

and within easy reach of the engineer, using as short 

a length of pipe for " steam " and " deliverance t-- 

the boiler" as possible. Put an ordmary ^cJo 
20* 
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nn^lc- valve on the steam supply-pipe, for Ftartbg, 
etc.. takiiif^ the steam from the highest part of the 
boiler, anri attaching it to the swivel marked "steam.'* 
Attach the water supply-pipe to the swivel marked 
" water," putting an ordinary water-cock on the 
fiui)[)ly-pipo n(?ar to the injector. A good supply of 
wiit(^r must be had, and if taken from a tank, give 
it a good fall. The mouth of the pipe should be 
eiilarj^<*d, aiirl a screen with small meshes placed over 
it to keop out dirt; if the supply-pipe be over ten 
i\'.v,t in length, or if the water come from a hydrant, 
or any sourc(; that makes a pressure, and the supply 
is not at a n^gular pressure, the pipe should bo one 
Hiz<i laruvr than the swivel marked "water," whien 
(•sin b(! (lon<'- by putting on a reducer. At this point 
turn (Ml v<»>ir .steam and water, and let them flow 

ft 

tlirougli th(* injector, to see if the pipes and injectors 
are Thm' fVonr dirt. Then attach the " delivery-pipe" 
1,0 liie. swivel marked " to boiler." 

Method of Working Letter "B" Injector.— Turn 
on the water, and, when it flows from the overflow, 
turn on the steam, slowly at first, until it catches the 
\vat«'r, tiien turn on lull head, and push the .lever M 
nlowly either forwards or ba(;kwards,as seems requisite, 
until neither steam nor water shows at the (Jverflow. 
Failure to work will always show at the overflow, 
and when the point Ls ascertained at which the lever 
is to be set for the steam pressure to be carried, it 
Ran be regulated, and then leil to stand at that poV' 
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tion «frhen the steam and water are shut off. The 
lever is only used to regulate the proportionate 
amounts of water and steam. 

But when water is to be lifted by this injector, a 
Binall steam-pipe leading from the boiler and furnished 
with a valve that opens with a quick motion, is at> 
tached to the swivel " P," by means of which a steam - 
jet is thrown into the tube " R,** and the water lifted. 
But at this point it is necessary to examine the tube 
in order to ascertain if the suction is good, or if it 
lifts the water readily, and if so, the steam supply- 
pipe can be attached to the swivel marked " steam," 
and the injector cleared of any dirt that may have 
collected in the boiler ; then the delivery-pipe to the 
boiler may be attached to the swivel marked " to 
boiler." Great care should be taken to see that the 
supply-pipe through which the water is lifted is per- 
fectly air-tight, as any leak in the pipe will interfere 
with the working of the injector. Washers should 
never be used in the swivels connecting the pipes to 
the injector, as the joints are all ground. 

The performances of this little machine are actu- 
ally astonishing, as, with a steam pressure of 80 or 
90 pounds per square inch on the boiler to which it 
is attached, it will successfully force water into other 
boilers under a pressure of from 400 to 450 pounds 
per square inch. It can be regulated to supply any 
required quantity of water, and is equally reliable 
when it is used everj day or not more than ouce a 
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Hints to Locomotive Engineers. — The ''Little 

Gia:.: " in; 00:0 r can be set to feed a steady stream, 

':*.:: :v. ««>r.>: oases i: mav be advisable to set it so 

:!'.s: :':.-. h::'.cr wi;i lose a small quantity of water in 

r..:.r.::\: Krwt^-u siations: then, by keeping the in- 

■;v:;r a: ^^.-^rk wr.;le the engine is standing at the 

?:,s::::-., a cxv. sur»piT of water will be obtained to 

r,;:: :; :::■: r.ix: s:A::on. This plan, properly carried 

0;::. ^>:.'. :v.;>kt a crtai saving in fiiel, and also have 

s u ■.■.:;:•.:) :: ;>rcvi'^: boiier explosions, as, when the 

cr.c-'-i ■> >;. r:x\i. the whole heat of the fire is thrown 

:ipi".. >: :: A s:.u> of the furnace and the crown- 

?:.c\:. «V.::V. :: :'r.c oirouiatiou of the water is not 

ki'j^l .".y. \> ".".'. >;•;:: Ixxvme overheated, and may poesi- 
• - 

V';-;- '.'..iv:;:. :»s s Iviler-feeder, possesses advan- 
:,sciS ■" v.::.: /: i\v:".."^:r.v over all other devices, as 
iht- <u\;i.r. :':.:■»: ".> ;i.'.:v.:::r\i :o the injector, from the 
lv".*ir. rc:".r:-.< :.^ :V.t hoi'.er, carrying with it more 
I :-.;■»;; :^u/.:v :::uis ::> weight of water. Not a drop 
01' w:»:ir ■.< '..'<:. ::;r a panicle of steam wasted 
I: vwv.pivs b;:: '.\::'x ?:v»vV. rt>quir«s no oil, packing, 
or :r/.v siH. ial .:i!\-. li'/.i very little, if any, repairs. 
It can Iv Mt u'o ::: a ".:::.>>: ar.v K>sition; but, where 
»'ircvnns:ar.vis will :\:r:ui:. a norhontal position is 
v»^ry uiuoh lo Iv prttVrred. On locomotives, it 
should invariably bo placed above the foot-board, 
and within oa<v reach 01 the engineer. 

f^ should be one of these injectors attached 



RAND-BOOK OF THE LOOOMOnYB. 



287 



to every locomotive, as they are always available 
and reliable in case of stoppage, accident, or deten- 
tion from any cause whatever. Therefore every 
engineer should encourage their introduction on 
locomotives, steamships, stationary and portable 
flieam-boilers. 

TABLE OF CAPACITIES 

OF 

RUE'S "LITTLE GIANT" INJECTOR. 



Size of 
Iii^ectors. 




1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
12 



Sizd of Pipe 
Connections. 



Pressare of 


Gallons 


steam in lbs. 


per hour. 


90 


60 


90 


90 


90 


120 


90 


800 


90 


600 


90 


900 


90 


1200 


90 


1620 


90 


2040 


90 


2480 


90 


3000 


90 


3600 



Nominal 
Horse-Power. 



4to 
6 " 



8 

20 

40 

60 

80 

140 

200 

250 

300 

350 






u 



u 



u 



II 



(( 



8 

12 

20 

40 

80 

120 

160 

225 

275 

350 

400 

500 



In ordering injectors, it should be always stated 
whether the connecting-pipes are copper, brass, or 
iron, and whether for locomotive or stationary 



i_^n^«. 
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SI!E!IAI& 

A nd flag by dar, a red lantexn bj night* or any 
rignal violeotlv giveo, are agnals of danger, on 
perceiving which the train must be brought to a full 
etop as soon as poadble, and not proceed until it cin 
be done with safetr. 

Two red flags by day, and two red lanterns bj 
night, placed on the front of an engine, indicate thai 
the engine is to be followed by an extra train. 




K lantern raised and lowered vertically is a aignrt 
%iting; when swung at right angles, or 



{ 
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the track, to stop; when swung in a circle, back 
the train. 

A sweeping parting of the hands, on a leyel with the 
eye, is a signal to go ahead. A downward motion of 
one hand, with extended arm, to stop. A beckoning 
motion of one hand, to back. 

One short sound of the whistle is the signal to 
apply brakes ; two, to let go brakes ; three, to back 
up; four, to call in the flagman; five, for road 
crossings. 

One stroke of the alarm-bell signifies stop ; two, to 
go ahead ; three, to back up. 



WREGEINQ TOOLS. 




A A represents a truck-axle and wheels. C is 
"^ bar of iron, about two by four inches, bent like the 
i Wl of a bucket, with a hook or turn on each end o.^ 
wL ^ laige eniough to hook over an axle close U> i 

1 
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wheel, and which is used in pulling cars on the track 
when they may be off on one side, or for " straight- 
ening " the track toward the point to which it is de- 
sired to pull the car, and pulling the car by this 
"bail" the track is kept diiectly in the line of draft 

There is a loose link, B, on the "bail," C, into 
which the hook or draH-rope is attached. When 
tliis link is put into the centre notch of the bail the 
axle of the truck will be held at right angles to the 
rope ; and when put into the notch on either side of 
the centre, the axle will be held at a corresponding 
angle to the line of draft of the rope. 

By this bail a car (or truck, or pair of wheels) can 
be pulled in almost any direction by putting it on the 
front axle and drawing by the link, B, and the hook, 
A, and " chaining" the back truck so as to keep it in 
line with the body of the car. The monkey-jack, K, 
generally renders good service in the case of wrecks. 

Portable frogs, made of heavy boiler plate, with 
flanges and clasps to take hold of the rail, are some- 
times used fvT placing cars on the track in case of • 
wreck. 

USEFUL NUMBERS IN CALGULATINQ WMOHIS, 

MEASURES. ETC. 

Feet multiplied by .00019 equals miles. 
Yards " .0006 " milea. 

Links " .22 " jaidiL 

links « .66 " fbet 

' Feet *< 1.516 ** linkk 
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Si]i2 we inches multiplied by .007 equals sqaaie feet. 


CUeolar inches ** 


.00546 


It 


square feet 


Square feet " 


.111 


«( 


square yds. 


Acres " 


4840 


u 


square yds. 


&iuare yards ** 


.0002066 


« . 


acres. 


Width in chains " 


.8 


(( 


acres per m. 


Cube feet " 


.037 


u 


cube yards. 


Cube inches " 


.00058 


(1 


cube feet. 


a. S. bushels ** 


.0461 


« 


cube yards. 


U. S. bushels " 


1.2444 


tt 


cube feet. 


U. S. bushels " 


2150.42 


tt 


cube inches. 


Cube feet " 


.8036 


tt 


U. S. bush's 


Cube inches " 


.000465 


tt 


U. S. bush's 


U. S. gallons " 


.13367 


tt 


cube feet. 


U. S. gallons " 


231 


tt 


cube inches. 


Cube feet *« 


7.48 


tt 


U. S. galls. 


Cylindrical feet ** 


6.874 


u 


U. S. galls. 


Cube inches " 


.004329 


tt 


U. S. galls. 


Cylindrical inches " 


.0084 


tt 


U. S. galls. 


Pounds " 


.009 


tt 


cwt. 


Pounds " 


.00046 


tt 


tons. 


Cubic foot of water " 


62.6 


tt 


lbs. avoird. 


Cubic inch of water " 


.03608 


tt 


lbs. avoird. 


Cylindr'l foot of water " 


49.1 


tt 


lbs. avoird. 


Cylindr'l inch of water " 


.02842 


tt 


lbs. avoird. 


U. S. gallons of water " 


13.44 


tt 


1 cwt. 


U. S. gallons of water " 


268.8 


tt 


1 ton. 


Cubic feet of water " 


1.8 


tt 


1 cwt. 


Cubic feet of water " 


35.88 


tt 


1 ton. 


Cylindr'l foot of water " 


6.876 


tt 


U. S. galls. 


Column of water, 12 in. high, 


1 in. diameter 


tt 


.341 lbs. 


18H.346 circular inches 




tt 


1 square ft. 


2200 cylindricfl inches 




tt 


1 cubic foot 


French metres multiplied by 


3.28 


tt 


feet. 


Kilcgrammes " 


2.206 


tt 


avoird. lbs. 


Grammes " 


.002206 


tt 


avoird. 1\mi. 


21 


Q 
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HEHS(IRATIO.V OF THE COBUL, GTIIHIHB» 

SPHEKE, EI& 

L TTje drcle contaiiu a greater uea than anj 
//th^ plain figure bounded bj an equal perimeter oi 
r/utliru;. 

2. T)ie anjaii of circles are to each other as the 
m^tmrtm of their diameters. 

H, T\ui diameter of a circle being 1, its circain- 
krmioAi (uinalH 3.1416. 

4. Th(s diameter of a circle is equal to .31831 of 
iU (;in;umr<iir(snce. 

5. Tlio H(|uure of the diameter of a circle being 1, 
ILn aroa ()(]iialH .7854. 

H, 'Ilu) H(|uar() root of the area of a circle multi- 
|)li<Hl by 1.1281)7 equals its diameter. 

7. TIh' dianuaor of a circle multiplied by .8862, or 
tlio (finMiinioriuico multiplied by .2821, equals the side 
of a Hquiiro of oqual area. 

K Tho HUtu of the squares of half the chord and 
vofHod hIdo, dividini by the versed sine, the quotient 
tH|UiilH tho diamotor of eorrespoudiug circle. 

U. T\\v ohoni of tho \^hole arc of a circle takeo 
iVttni oi)j:lu (inu>e^ tho ohoni of half the arc, one-third 
of tho rt>tutundor oquals the length of the arc ; or, 

10. Tlio miml^or of degrees contained in the arc of 

a oiri'K\ uuiltipHoil by the diameter of the circle and 

' '^KS7:27« iho proiluct equals the length of Aa 

I l«nus of unilT. 
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11. Tiie length of the are of a sector of a circle 
multiplied by its radius, equals twice the area of the 
sector. 

12. The area of the segment of a circle equals the 
area of the sector, minus the area of a triangle whose 
vertex is the centre, and whose base equals the chord 
of the segment ; or, 

13. The area of a segment may be obtained by 
dividing the height of the segment by the diameter 
of the circle, and multiplying the corresponding tab- 
ular area by the square of the diameter. 

14. The sum of the diameters of two concentric 
circles multiplied by their difference and by .7854, 
equals the area of the ring or space contained between 
them. 

15. The sum of the thickness and internal diameter 
of a cylindric ring multiplied by the square of its 
thickness and by 2.4674, equals its solidity. 

16. The circumference of a cylinder multiplied by 
its length or height, equals its convex surface. 

17. The area of the end of a cylinder multiplied 
by its length, equals its solid contents. 

18. The internal area of a cylinder multiplied by 
its depth, equals its cubical capacity. 

19. The square of the diameter of a cylinder mul- 
tiplied by its length, and divided by any other re- 
quired length, the square root of the quotient equals 
the diameter of the other cylinder of equal contents 
or capacity. 
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20. The square of the diameter of a sphere mill- 
tiplied by 3.1416, equals its convex surface. 

21. The cube of the diameter of a sphere multi- 
plied by .5236, equals its solid couteuts. 

22. The height of auy spherical segment or zone 
multiplied by the diameter of the sphere of which it 
is a part, and by 3.1416, equals the area or convex 
surface of the segment ; or, 

23. The height of the segment multiplied by the 
circumference of the sphere of which it is a part, 
equals the area. 

24. The solidity of any spherical segment is equal 
to three times the square of the radius of its base, 
plus the square of its height, and multiplied by its 
height and by .5236. 

25. The solidity of a spherical zone equals the sum 
of the squares of the radii of its two ends, and on^ 
third the square of its height multiplied by the height 
and by 1.5708. 

26. The capacity of a cylinder 1 foot in diameter 
and 1 foot in length equals 5.875 of a United States 
gallon. 

27. The capacity of a cylinder 1 inch in diameter 
and 1 foot in length equals .0408 of a United States 
gallon. 

28. The capacity of a cylinder 1 inch in diameter and 
1 inch in length equals .0034 of a United States gallon 

29. The capacity of a sphere 1 foot in diametei 
eguaJf 3.9168 United States gallons. 
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80. The capacity of a sphere 1 inch in diameter 
equals .002267 of a United States gallon; hence, 

31. The capacity of any other cylinder in United 
States gallons is obtained by multiplying the square 
of its diameter by its length, or the capacity of any 
Other sphere by the cube of its diameter, and by the 
number of United States gallona contained aa above 
ill the unity of its meaaurement. 



TABLE 
or MidMAL B(iinvAi.Eiri8 to the 

A. QAUAiS OB AN KO 

(Th« inch or gallon being divided 



i 


si 
1^ 


1 




i 


! 


ll 


1 


1 

E 


1 




.03125 


A 


1 


1 




.53125 


li 


17 


4 




.0625 


tV 


2 






.5025 


fi 


18 


4 


2 




.08375 










.50375 


19 


4 


2 




.125 


A 


i 


1 




.625 


1 


20 


5 


2 




.15S25 


5 






(.5823 


t! 




5J 


2 




.1875 




6 


1 




68 5 


t' 




5* 


2 




.21875 




7 






71870 


2i 


51 


S 




.25 


i 


S 


H 




70 




24 


6 


3 




.28125 




9 




1 


78125 




25 


6 


^ 




.3125 




10 


2 




812o 




26 


6 


3 




.34375 




11 


2 




84375 




2 





3 




375 




12 




875 




28 


7 


3 




.40825 




13 


;! 




.BOOito 




29 








.4375 


is 


14 


3 




.11375 




30 


7 


3 
3 




.46875 


15 


3 


J 


.96875 




31 






.6 


j^ 


IG 


4 




1.000 


1 


32 


8 


4 


\ 
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In multiplving deciiiials it is usual to drop aU 
bat the first two or three figures. 

Application. — Required, the gaUons in any cylin- 
drical vesseL Suppjse a vessel 9} inches deep. 
9 inches diameter, and contents 2.6163 — that is, 2 
gallons and jV^t^l^ P^^ of a gaUon. Now to asccrtaiD 
this tlecimal of a gallon refer to the above table for 
the decimal that is nearest, which is .625, opposite 
tci which is tth of a gallon, or 20 gills, or 5 pints, or 
2i quarts ; consequently the vessel contains 2 gallons 
and 5 pints. 

Inches. — To find what part of an in^h the .708 is 
refer to the above table for the decimal that is 
nearest, which is .71875, opposite to which is ||, or 
nearly f of an inch. 

TABLE 

OK FOLLOWING PAGES GONTAININO THE DLAJCETKB8, 
OIBCUMFERENCES, AND AJREAS OF CIBCLES, AND THB 
CONTENTS OF EACH IN GALLONS AT 1 FOOT IN DEPTH. 

1. Eequired, the circumference of a circle, the di- 
ameter being 5 inches. 

In the column of circumferences, opposite the giveo 
diameter, stands 15.708 inches, the circumference re* 
quired. 

2. Eequired, the capacity, in gallons, of a cylinder, 
the diameter being 6 feet and depth 10 feet. 

(b tie fourth column from the given diamelef 
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■tands 211.4472, being the contents of a cylinder 6 
Aet in diani^;^ and 1 foot in depth, which being 
multiplied hf 10, gives the required contents, 2,114i 
gallons. 

8. Any of the areas in feet muldpliod by .03704, 
the product equals the nufeaber of cubic yards at 1 
Ibot in depth. 

4 The area of a drcle in inches, multiplied by 
the length or thickness in inches and by .263, the 
product equals the weight in pounds oi cast-iron. 

(See page 245 for Decimal Equivalents to the 
fractional parts of a gallon and an inch.) 

TABL.B 

OF DIAMBTEB8, CIBOUiarBBBNOBS, AND ABBAS OF dB* 
CUES, AND THE CONTENTS OF BAOH IN GALLONS AT 
1 FOdT IN DBFTH. 



Diameter. 


dicomferenoe, 
Inches. 


Area, 
Imthet. 


Oallona. 


lin. 


3.1416 


.7864 


.04084 


2 " 


6.2832 


8.1416 


.16333 


8 " 


9.4248 


7.0686 


.36754 


4 " 


12.666 


12.666 


.65343 


6 " 


16.708 


19.636 


1.02102 


6 " 


18.849 


28.274 


1.47025 


7 " 


21.991 


38.484 


2.00117 


8 " 


25.132 


60.266 


2.61378 


9 " 


28.274 


63.617 


3.30808 


10 ** 


81.416 


78.640 


4.08408 


11 " 


84.667 


96.033 


4.94172 \ 
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T A B L E-C ft ^ tfi nfl J) 

I 

or DIAMETERS, CIBCI7MFEBENCBB, AKD ABEA8 Or GIBOl H^ 
AHD THE OCNTENTB OF EACH IK GALLONS AT 1 FOOT 01 
DEPFH. 



Dtemeter. 


drcoBference. 


Area in Feet. 


Gia8.,lft.inDe|itiL 


1 a. 


8 ft. If in. 


.7854 


5.8785 


2 " 


6 " 8i " 


8.1416 


28.4940 


8 " 


9 " 5 " 


7.0686 


52.8618 


4 " 


12 " 6} " 


12.5664 


98.9754 


5 " 


15 " 8J " 


19.6850 


146.8884 


6 " 


18 " 101 " 


28.2744 


211.4472 


7 " 


21 " 114 " 


88.4846 


287.8082 


8 " 


25 " IJ " 


50.2656 


875.9062 


9 « 


28 " 8J " 


68.6174 


475.7563 


10 " 


81 " 5 " 


78.5400 


687.8584 


11 " 


84 " 61 " 


95.0834 


710.6977 


12 " 


87 " 81 " 


118.0976 


848.1890 


13 " 


40 " 10 " 


132.7326 


992.6274 


14 " 


43 " Hi " 


158.9384 


1151.2129 


15 " 


47 " li " 


176.7150 


1821.5464 


16 " 


50 " 8i " 


201.0624 


1508.6250 


17 " 


53 " 4i " 


226.9806 


1697.4516 


18 " 


56 " 6J ** 


254.4696 


1908.0254 


19 " 


59 " 8i " 


283.5294 


2120.8462 


20 '' 


62 " 9i " 


314.1600 


2349.4141 


21 " 


65 " llf " 


346.3614 


2590.2290 


22 " 


69 " If " 


380.1336 


2842.7910 


23 " 


72 " 3 " 


415.4766 


8107.1001 


24 " 


75 " 4} " 


452.3904 


8888.1568 


25 " 


78 " 6f " 


490.8750 


8670.9596 


26 " 


81 '* 81 " 


530.9304 


8970.6098 


27 " 


84 " 9J " 


572.5566 


4281 .8072 


28 " 


87 " n} " 


615.7536 


4604.8517 


29 " 


91 " It " 


660.5214 


4989.6482 


80 " 


94 " 2f " 


706.8600 


5286.1818 
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TABXtE 
Downra THK wmaBT <ar wa.tkb a pm or TAUion 

DUMXTBBB 1 TOOT nt UXaiH. 



bl»n.^t^r; Weight - 


Dlsoiel^r 


Weight 




WeiBht 




PoUDd. 


Id Inches. 


In Pflundii. 


iDXn^haL 


..Po^d-. 


8 


8 


32t 


51 


Z2i 


1721 


8 


8 


12i 


63 


23 


180^ 


S 


4 


12J 


66 


23! 


1881 


8 


-^ 


13 


67 


24 


1961 


4 


6 


13 


69J 


24) 


2M1 


4i 


6 


13 


62 


26 


213 


4} 


7 


18 


64 
661 


261 


221 


■« 


7* 


14 


26 


230 


5 


8i 


141 


69 


281 




5i 


9t 


14* 
14* 


71 


27 


248 


5» 


loi 


74 


»! 


257 


Si 


iij 


IS 


761 


28 


267 


6 


42t 


16 


79 


281 


276 


6 ■ 


131 


15 


82 


29 


286 


(4 


14i 


IS] 


84} 


29! 


296 


6i 


15i 


16 


m 


80 


806} 


7 


161 


16t 


90 


80! 


317 


7t 


18 


16i 


92i 


SI 


327 


7* 


19 


16} 


951 


311 


888t 


7i 


20 


17 


98J 


32 


819 


8 


21 


17 


101 


32! 


360 


8 


23 


17 


1041 


33 


3711 


8 


2^ 


17 


107 


33! 


3821 


8 


26 


18 


110 


34 


394 


9 


27 


18 


113 


34! 


405 




29 


18 


116 


36 


417 




SO 


18 


119 


35! 


429 




32 


19 


123 


86 


441 


10 


54 


19 


126J 


36! 


454 


lOi 


85 


19 


1291 


37 


466 


m 


37 


19 


132 


37! 


479 


m 


89 


20 


136 


38 


492 


11 


41 


201 


143 


88! 


605 


iii 


44 


21 


160 


89 


61S 


iij 


46 


JV 


IBS ^ 


89) 


6S1 


12 / * 


w_// 


40 


m4 
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RULEa 

Rule. — Far finding the Qtui.vtity of Water in i 
Steamrboiler or any Oylindriccd Vessel in Oubie Inekes. 
•—Multiply the internal area of the head or base b 
inches by the length in inches ; the product will be 
the number of cubic inches of water in tbe boiler. 
Divide this product by 1728, and the quotient will 
be the number of cubic feet of water in the boiler 
or cylinder. 

Rule. — To find the Bequisite QtumtUy of Water fof 
a Boiler, — Add 15 to the pressure of steam ptf 
square inch; divide the sum by 18; multiply the 
quotient by .24; the product is the quantity in U.a 
gallons per minute for each horse-power. 

Rule. — To find the Height of a Column of Water U 
supply a Steam-boiler against any Pressure of Steam 
required. — Multiply the pressure, in pounds, upon i 
square inch of boiler, by 2.5 ; the product will be the 
height in feet above the surface of the water in th^ 
boiler. 

Rule. — To find the Time a Cylindrical Vessel wt 
take in filling when a known Qtiantity of Water i^ 
going in and a known Quantity of that Water i 
going out in a given time, — Divide the contenti 
of the cistern, in gallons, by the difference of the 
quantity going in and the quantity going out pe* 
hour, and the quotient is the time in hours and par* 
that the cistern will take in filling. 
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PretMire of Water. — The wdlght of water or of 
other liquids is as the quantity, but the pressure CX' 
erted is as the vertical height 

Fluids press equally in all directions ; hence, any 
Tsssel containing a fluid sustains a pressure equal to 
as many times the weight of the column of greatest 
height of that fluid as the area of tiie vessel is to 
the sectional area of the column. 

Lateral Pressure. -^The lateral pressure of water 
on the sides of a vessel in which it is contained is 
equal to the product of the length multiplied by 
balf the square of die depth and by the weight of 
the water in cubic unity of dimensions. 

Dieoharge of Water. — ^In circular apertures in a 
thin plate on the bottom or side of a reservoir, the 
issuing stream tends to converge to a point distant at 
about i its diameter from outside the orifice, reducing 
the quantity nearly fths from the quantity due to 
the velocity corresponding to the height 

When water issues from a short tube, the flow is 
less contracted than in the former case, as 16 to 13. 

With a conical aperture, whose greater base is the 
aperture, the height of the frustrum being half the 
diameter of the aperture, and the area of the small 
end to the area of the large end as 10 to 16, there 
ynll be no contraction of the vein. Hence this form 
ipves the greatest flow. 

The quantity of water discharged during the same 
tinse by the same oriflces under diflerent heads, are 
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nearij ajb the sqn&re roots of tlie ' oorresp^mdiiig 
hei^te of the water in the reeenroir above the soi^ 
&oe of the orifices. 

Small orifices, on account of fnction, discharge pro- 
portionately less fluid than those which are larger 
and of the same figure, under the same pressure. 

Circular apertures are the most efficacious, having 
less rubbing surface under the same area. 

If the cylindrical horizontal tube through which 
water is discharged be of greater length than the 
diameter, the discharge is much increased — can be 
increased, to advantage, to four times the diameter of 
the orifice. 




RULES FOR FINDING THE ELASTICnT OP 

STEEL SPRINGS. 

Rule I. — To find the Elasticity of a given Sted- 
plate Spring. — Breadth of the plate in inches multi- 
plied by the cube of the thickness in ^ inch, and bj 
the nuuilHT of plates ; divide the cube of the span in 
iuoho8 by tho product so found, and multiply by 1.60. 
The ri'^ult oijuals the elasticity in ^^ of an indi per 
ton of load. 

Rule 2. — To find Span due to a given EkuAHii 
imd the Xamber and Size of PkUe. — Miilti|ily dit 
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elasticity in sixteenths per ton, by the breadth i/f the 
plate in inches, and divide by the cube of the thick- 
ness in inches, and by the number of plates ; divide 
by 1.66, and find the cube root of the quotient The 
result equals the span in inches. 

Rule 3. — To find the Number of Plates due to a given 
ElaetieUy, the Span and Size of the Plates. — Multi- 
ply the cube of the span in inches by 1.66 ; multiply 
Uie elasticity in sixteenths by the breadth of the 
plate in inches, and by the cube of the thickness in 
sixteenths ; divide the former product by the latter. 
The quotient is the number of plates. 

Rule 4. — To find the Working Strength of a given 
Steel-plate Spring. — Multiply the breadth of plate in 
inches by the square of the thickness in sixteenths, 
and by the number of plates; multiply also the work- 
ing span in inches by 11.3 ; divide the former pro- 
duct by the latter. The result equals the working 
strength in tons burden. 

Rule 5. — To find the Span due to a given Strength 
and the Number and Size of Plate, — Multiply the 
breadth of the plate in inches by the square of the 
thickness in sixteenths, and by the number of plates , 
multiply, also, the strength in tons by 11.3, divide 
the former product by the latter. The result equals 
the working span in inches. 

Rule 6. — To find the Number of Plates due to c 

gwen Strength, Span and Size of Plate. — Multiply ti 

strength in tons by span in inches, and dm^^ ' 
22 



«« 



BUn^SOOK iyt TUS tOTOSRJl ffH. 



11.3; multiply aleo the breadth of plate in inches 
the square of the thickness in dxteenths ; divide 
(bnoer product by the latter. The result equals 
Dumber of plates. 

The apun is that due to the form of the sprutg 
loaded. Extra thick plates must be replaced by an 
equivalent number of plates of the ruling thickneai, 
before applying the rule. To find this, multiply tba 
number of extra plates by the ruling thickness 
versely, the number of plates of the ruling thick] 
to be removed for a given number of extra plate^ 
may be found in the same way. 

Springs were applied to locomotives in 1830, by T. 
Hackworth. 



1 
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To Oliver Evans belongs the honor of having tl 
and put in operation the first high-preesura a 
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TABLE 

DBOUCTED FROM BXPERIMBNTS ON IBON PLATES FOB ETTBAJi 
BOILBBS, BY THB FBANKLIN INSTITUTE, FHUJLDA. 

Iron boiler-plate was found to increase in tenacity 
as its temperature was raised, until it reached a tem- 
perature of 550^ above the freezing-point, at which 
point its tenacity began to diminish. 

At 32^ to 80^ tenacity ii 66,000 lbs. or one-seyenth be- 
low its maximum. 

*• 670* " " 66,000 " the maximum. 

" 720*» " " 66,000 " the same nearly as at 

30*>. 

" 1060® " " 32,000 " nearly one-half the 

maximum. 

u 1240O u u 22,000 " nearly one-third the 

maximum. 

u 13170 «i M 9 000 « nearly one -seventh 

the maximum. 

It will be seen by the above table that if a boiler 
should become overheated, by the accumulation of 
scale on some of its parts or an insufficiency of wa- 
ter, the iron would soon become reduced to less than 
one-half its strength. 

TABLE 

SHOWING THE RESULT OF EXFEBTMENT8 MADE ON DIFFEREN7 
BBANDS OF BOILEB IBON AT THE STEVENS INSTITUTE OF 
TECHNOLOGY, HOBOKEN, N. J. 

Thirty-three experiments were made upon iron 
taken from the exploded steam-boiler of the ferry< 
boat "Westfield. The following were the results : 
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Ayerage breaking weight . • • . 41,f 

16 ezperimeiitB made upon hin^ grades of Ameriean boUerHpUitoi 
Ayerage breaking wdght .... 54,123 

16 e^perimentB made apon high grades of American flange-iroBt 
A verage breaking weight .... 42,144 

6 experiments made upon English Bessemer steeL 

Ayerage breaking weight .... 82,621 

5 experiments made apon English Lowmoor boiler-phite. 

Ayerage breaking weight .... 58,984 

6 experiments made upon samples of tank iron from difforant 

maua£EU^rers. 

Ayerage breaking weight, No. 1 . • ' . 43,831 

" " '^ No. 2 . . . 42,011 

" " " No.3 . . . 41,249 

^ experiments made on iron taken from the exploded steam- 
boiler of the Bed Jacket 
Average breaking weight .... 49,000 

It will be noticed that the above experiments le- 
veal a great variation in the strength of boiler-plate 
of different grades of iron, and furnish condosiye 
evidence that the tensile strength of boiler-iron ought 
to be taken at 50,000 pounds to the square inch 
instead of 60,000. 

TABLE 

IHOWINO THE ACTUAL EXTENSION OF WBOUOHT-IBOV AT 

VARIOUS TEMFEBATUBE8. 

D^ofFahr. Length. 

82° 1. 

212 1.0011856 

892 1.0025757) SurfiBuse becomes rtraw-oolond, 

672 1.0043253 } deep yellow, orimson, yiolH» pu^ 

752 1.0063894 j pie, deep blue, bright blue. . 

932 1.0087730 ) Surface becomes dolL and 

112 1.0114811 i bright red. 

Im ::;::::::::::.:1S^ j »"?^i ^' r^^^^* ^^^w*-* 

1.0512815 J ^^^teheai 

ooheiion doBtroyo^ "E^ca vwiu^ ^ 



TABIiB 

mKOWaOkTHM TWaBJM 8IXBVGTH OT ViJUDTA qUAIiIXIHIi 

or <u«r-XBov. 
- (liwiiftinH Cbi^.^'oii. 

BrMUag wei||it of 
m iquafe inch bu. 

Oommon pig-iron, •••••• 15,000 

Good common caBtingHy 20,000 

GosMron *' 20.834 

« « 19,200 

** " 27,700 

Gun-heads, •pedmenfromy • • • • 24,000 

" / " 89,600 

Gfeanwood cast-iron, 21,800 

"" "< (after thizdmdlting,) . 45,970 

Mean of American caat-iron, • • • • 81,829 

Gnn-metal, mean, • 87,282 

EngKA Ou^Iran. 

Lowmoor, • 14,076 

Clyde, No. 1, 16,125 

Clyde, No. 8 28,468 

Calder,No,l, 18,785 

Skirling, mean, 25,764 

Mean of English, 19,484 

Stirling, toughened iron, 28,000 

Carron No. 2, cold-blast^ 16,688 

" " 2,hot.bla8t, 18,505 

« " 3, cold-blast^ 18,200 

" " 8, hot-blast, 17,755 

Dayon, No. 8, hot-blast, 21,907 

Bnffery, No. 1, cold-blast, 17,466 

« " 1, hot-blast 13,437 

Oold-Talon (North Wales), No. 2, cold-blast, . 18,855 

" " '' 2, hot-blast, . 16,676 
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TABLE 

iHOWIKQ THB TEKSILB aTBBNQTH OP TAB10D8 



Ameriam Wrttught-Iron. 

BnaUogiralahtor 
■ Kiaara 1d^ bac 

From Sslisbuif, Cobd., CS.OOO 

" 66,000 

" FittHfield, Man. 07.000 

" Bellefonte, Pa., 68,000 

" Maramec, Mo., 48,000 

58,000 

" Centre County, Fa., .... 58,400 

" Lancaster County, Fa., .... 68,061 

" Carp River, Likte Superior, . , . 89,S83 

" Mountain, Mo.,cbarcoalblooin, . . 90,000 

A.meriDBQ, bBmoiered, 08,900 

Chain-iron, 43,000 

BiTets, 68^ 

Bolts, 63,SS0 

Boiler-plates 00,000 

" " 60,000 

Average boiler-plates, 66,000 

" joints, double- riveted, . . . 86,700 

" " single " . . . . 28,600 

Chrome steel, highest strength, . . . 108,010 

" lowest " .... 168,760 

" average " . . . . 180,000 

Etiffluk and other Wnmght-Inmt. 

Iron, English bar, 66,000 

" mean of English, 6S,S00 

" rivets, 66/100 

LawmooriroB, ..,%.. 6^100 
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English a^d other Wrought-Inms — (Continued), 

Breaking weight of 
a square inch har. 

Ixiwmoor iron plates, 57,881 

Bowling plates, 58,488 

Qlasgow best boiler, 56,^17 

" ship plates, 53,870 

Yorkshire plates, 57,724 

Staffordshire plates, 43,821 

Derbyshire plates, 48,568 

Bessemer wrought- iron, 65,253 

76,195 

82,110 

59,500 

76,084 

58.084 



a 
it 

Bnssian 
Swedish 



tt 



u 
l< 
(( 
tt 



it 
tc 
tt 

tt 
tt 



TABLE 



EHOWINO THB TENSILE 8TBENOTH OF VAEIOUS QUALITIES OF 

STEEL PLATES. 



Mersey Co., puddled steel, 

'^ ship-plates, . 

Blochairn puddled steel, . 

** boiler-plates, . 

Naylor, Vickers & Co., cast, 

(( (( u tt 

T. Turton & Son, . 
Ho6s A Gkimbles, 
Bhortridge, Howell & Co., 
Homogeneous metal, 

" *' 2d quaUty 

)mer steel, . 



it 



tt 



108,906 
99,468 

106,394 
89,447 
87,973 
95,196 
95,3G0 
81,588 

108,900 

105,732 
81,662 

148,324 
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GENTRAL AND MECHANICAL FORCES AND. 

DEFINITIONS. 

Adhesion. — The measure of the friction between 
the tires of the driving-wheels and the sur£EU3e of the 
rails. 

Acceleration. — Acceleration is the increase of. ve^ 
locity in a moving body caused by the continued action 
of the motive force. When bodies in motion pass 
through equal spaces in equal times, or, in other 
words, when the velocity of the body is the same 
during the period that the body b in motion, it is 
termed uniform motion. 

Angle of Friction. — ^That pitch of grade at wfaidi 
a loaded car would just stand without descending, 
being kept at rest by the friction of its bearings. 

Animal Strength. — As horses were formerly em- 
ployed for the same purposes that water-wheels, wind- 
mills, and steam-engines now are, it has become usual 
to calculate the effect of these machines as equivalent 
to so many horses; and animal strength becomes 
thus a sort of measure of mechanical force. 

Axles. — The railway axle may be considered as 

having certain relations to a girder in principle! 

Girders generally have their two ends resting on twc 

points of support, and the load is either located at 

fixed distances from the props, or dispersed over the 

^le surface ; in the case of the axle the wheels 

he considered the props and the joumalc the 

parts. 
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Attraction. — A tendency which certaii. bodies 
ftve to approach and adhere to each other. There 
re eeveral kiods of attraction, as of gravitation, 
esiou, capillary, chemical, electrical, et«. 

Cohesion is that quality of a body whicli ceueee 
its particles to adhere to each other, and to r 
being torn apart. 

Crushing Strength is the resistance which a lK>dy 
opposes to being battered or flattened down by any 
weight placed upoQ it. 

Central or Centrifugal Force. — The tendency 
which bodies in motion have to recede &om their 
centres is called the centrifugal force. 

Detrusive Strength is the resistance which a 
body offers to being clipped or shoro into two paria 
by such instruments as shears or scissors. 

Force. — Force is the cause of rtiotion or change 
of motion in material bodies. Every change of mo- 
tion, viz., every change in the velocity of a body 
muRt be regarded as the effect of a force. On the 
other hand, rest, or the invariability of the state of 
niution of a body, must not be attributed to the ab- 
■ence of forces, for equal opposite forces destroy each 
other and produce no eflect. 

Centripetal Force,— Centripetal force is the force 
which has a tendency in a moving body to approach 
the centre of motion or counteract the centrifugal 
force. 

Friotlon is the resistance occasioned tu the tootioB 
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of a body when pressed upon the surface of aiiothei 
body which does not partake of its motion. 

Gravity, or Centre of Gravity. — The forces with 
which all bodies tend to fall to the earth may be 
cx)nsidered parallel : hence, every body may he cun- 
Bidered as acted on by a system of parallel forces, whose 
results may be found ; and these forces, in all posi- 
tions of the body, act on the same points in the same 
vertical direction. There is, therefore, in every body 
a point through which the resultant always passes, 
in whatever position it is placed. The point is called 
the centre of gravity of the body. 

Gyration. — The centre of gyration is that point in 
which, if all the matter contained in a revolving 
system were collected, the same angular velocity will 
be generated in the same time by a given force act- 
ing at any place as would be generated by the same 
force acting similarly in the body or system itself. 

Hydrodynamics. — Hydrodynamics is that branch 
of general mechanics which treats of the equilibrium 
and motion of fluids. The terms hydrostatic8 and 
hydrodynamics have corresponding signification to 
the statics and dynamics in the mechanics of solid 
bodies, viz., hydrostatics is that division of the science 
which treats of equilibrium of fluids, and hydrody 
namics that which relates to their forces and motion. 

Inertia. — Inertia is that property of matter by 
which it tends, when at rest to remain so, and wbei 
in iDotion to continue in motion. 
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Impetua. — The product of the mass and velocity ] 

iif a moving body, considered aa instantnneouB, in ] 
dietinctioii from momeDtum, with reference to time, ' 
Rnd force, and alao to capacity of continuing its 1 
motion. 

Inclined Plane. — One of the mechanical powers; 

plane whieli forma an angle with the horizon. The I 

force which accelerates the motion of a heavy body [ 

on au inclined plane, ia to the force of gravity as the | 

Dine of the inclination of the plane to the radius, or,- 

the height of the plane to its length. 

Indicator. — The very important and useful instru- 
ment which baa contributed so very materially to the 
perfection and efficiency of ourmodern steam-enginea. 

Logarithms. — The logarithm of a number la the 
exponent of a power to which another given invari- 
;ble number must be raised in order to produce tha 
first minriber. Thus in the common system of loga- 
ridimB, in which the invariable number is 10, the loga- 
rithm of 1000 is 3, hecause 10 raised to the third 
power is 1000. , 

Hyperbolic LogarlthmB, — Asystemof logarithmB, | 
to called because the numbers exprens the areas be- ' 
tween the asymptote and curve of the hyperbola. 

Mechanical Power. — Power is a compound of 
freight multiplied by its velociLj ; it cannot be in- i 
sreased by mechanical means. 

Power, as the t«rm is only properly used by engi- 



, n the amount of irark done i 



my preni 
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example in some known time. Its unit is called iSk% 
horse-power. 

Momentum, in mechanics, is the same with impetus 
or quantity of motion, and is generally estimated by 
the product of the velocity and mass of the body. 

Motion. -J- Motion, in mechanics, is a change (f 
place^ or it^is that affection of matter by which it 
passes from one point of space to another. 

Motion is of various kinds, as follows : 

Absolute motion is the absolute change of place 
in a moving body independent of any other motion 
whatever. 

Accelerated motion is that which is continually 
receiving constant accessions of velocity. 

Angular motion is the motion of a body as referred 
to a centre, about which it revolves. 

Compound motion is that which is produced by 
two or more powers acting in different directions. 

Uniform motion is when the body moves contin- 
ually with the same velocity, passing over equal spaoea 
in equal times. 

Natural motion is that which is natural to bodies 
cr that which arises from the action of gravity. 

Relative motion is the change of relative place iu 
!ine or more moving bodies. 

Retarded motion is that which suffers continual 
diminution of velocity, the laws of which are revene 
of those for accelerated motion. 

Oscillation, or the Centre of Otoillation.— The 
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centre of oscillation is that point in a yibradng body 
into which, if the whole were concentrated and 
ftttached lo the same axia of motion, it would vibrate 
in the same time the body does in Ila natural atate. 

i centre of oscillation is situated in a right line 
passing through the centre of gravit)^, and perpd* 
dicular to the axis of motion. 

Pendulum. — If any heavy body, suspended by an 
inflexible rod from a fised point, be drawn aside from 
the vertical position, and then let lall, it will descend 
in the arc of a circle, of which the point of suspension 
a the centre. 

Perpetual Motion. — In mechanics, a machine 
vhich, when eet in motion,would continue to move for- 
ever, or, at least, until destroyed by the friction of ita 
parta, without the aid of any exterior cause. 

Percussion, or the Centre of Percussion. — The 
centre of pcrciiasion is that point in a body revolving 
about an axis at which, if it struck an immovable 
obstacle, all its motion would be destroyed, or it 
would not incline either way. 

Prime Movers are those machines from which we 
■ obtain power, through their adaptation to the Iran* 
formation of some available natural force into thai 
kind of effort which develops mechanical power. 

Pneumatics. — The science which treats of the m& 
ehanical properties of elastic fluids, and particnlarlj 
' of atmospheric air. 

Specific Gravity. —The speciSc cravity of a bodi 
28 -"^ 
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is the ratio of its weight to an equal volume of some 
other body assumed as a conventional standard. 
The standard usually adopted for solids and liquids 
is rain, or distilled water at a common temperature. 

Strength is the resistance which a body opposes to 
disintegration or separation of its parts. 

Torsion, in mechanics, is the twisting or wrenching 
of a body by the exertion of a lateral force. 

Torsional strength is the resistance which a body 
offers to any external force which attempts to twist 
it 

Transverse strength is the resistance to bending or 
flexure. 

Velocity, or Virtual Velocity. — Virtual velocity, in 
mechanics, is the velocity which a body in equilibrium 
would actually acquire during the first instant of its 
motion, in case of the equilibrium being disturbed. 

Weights and Measures. — The weights and meas- 
ures of this country are identical with those of Eng- 
land In both countries they repose in fact upon 
actually existing masses of metal (brass), which have 
been individually declared by law to be the units of 
the system. 

Work. — Work is force acting through space, and 
is measured by multiplying the measure of the foro0 
by the measure of the space. 
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TABLE 

PONTAININQ DIAMBTBBS, CIBCUMFBBBNCES, AND ABBAS OV 
CIBCI^BS FBOM ^ OF AN INCH TO 10 INCHES, ADVAKCINO 
BT ^ OF AN INCH ; AND BT | OF AN INCH FBOM 10 INCHES 
TO 60 inOhes DIAMBTBB. 



DIAX. 



I 

V 



dBCUM. 






Inches. 
.1963 

.8927 
.5890 
.7854 
.9817 
1.1781 
1.8744 
1.6708 
1.7671 
1.9685 
2.1598 
2.3662 
2.6526 
2.7489 
2.9452 
3.1416 
3.3879 
3.5843 
3.7306 
3.9270 
4.1233 
4.3197 
4.5160 
4.7124 
4.9087 
6.1051 
6.3014 
5.4978 
5.()941 
6.8905 



ABXA. 



Inches. 

.0080 

.0122 

.0276 

.0490 

.0767 

.1104 

.1508 

.1968 

.2485 

.3068 

.8712 

.4417 

.6186 

.6018 

.6908 

.7854 

.8861 

.9940 

1.1076 

1.2271 

1.3529 

1.4848 

1 .6229 

1.7671 

1.9176 

2.0789 

2.2365 

2.4052 

2.5801 

2.7611 



DIAX. 

Inch. 

I 

t 

t 

A 

i 

A 



dBCUM. 



Inches. 

6.0868 

6.2832 

6.4795 

6.6759 

6.8722 

7.0686 

7.2640 

7.4613 

7.6576 

7.8640 

8.0603 

8.2467 

8.4430 

8.6894 

8.8357 

9.0321 

9.2284 

9.4248 

9.6211 

9.8175 

10.0138 

10.2120 

10.4065 

10.6029 

10.7992 

10.9956 

11.1919 

11.3883 

11.5846 

n.7810 



▲BEA. 



Inches. 
2.9488 

3.1416 
3.3411 
8.5465 
8.7682 
8.9760 
4.2001 
4.4802 
4.6664 
4.9087 
5.1573 
6.4119 
5.6727 
5.9395 
6.2126 
6.4918 
6.7772 
7.0686 
7.3662 
7.6699 
7.9798 
8.2957 
8.6179 
8.9462 
9.2806 
9.6211 
9.9678 
10.3206 
10.6796 
11.044ti 
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T A B L B — (a>"«»Hi«f) 

CONTAINING DIAMBTBBS, OIBOUMFJBBRNOBS^ WKk 



NAM. ClltOliM. 



rJ.lT87 
VI HT(H) 

117027 
12.0MU 

ia.ir>;>4 
ia.af»i8 

18.5481 
ia744r> 
ia.«408 
14.1872 
14.88SA 
14.ft2\n) 
l4.7lVi2 

lf>.llS\i 

if>.;ur>8 
ir>.r>7i« 
1 r> 7t>j^o 
if).w)4n 

1().UW 
10/J970 
10.4984 
l().r>897 
1().88C1 
17.0824 
17.2788 
17.4751 
17.«715 
17.8678 
18.0G42 
18.2605 
18.4669 



iDcbes. 
11.4159 

11.7982 

12.1768 

12.5064 

12.9622 

18.8640 

18.7721 

14.1862 

14.6066 

15.0881 

15.4657 

15,1H)48 

16.8492 

16.8001 

17.2578 

17.7205 

18.11>00 

1 8.6655 

19.1472 

19.6850 

20.1290 

20.(i290 

21.1252 

21.6475 

22.1661 

22.6907 

28.2215 

23.7588 

24.3014 

24.8504 

25.4058 

25.9672 

26.5348 

27.1085 



DIAM. 



CISCUM. 



Inches. 
18.6582 
18.8496 
19.0459 
19.2428 
19.4886 
19.6850 
19.8818 
20.0277 
20.2240 
20.4204 
20.6167 
20.8181 
21.0094 
21.2058 
21.4021 
21.5985 
21.7948 
21.9912 
22.1875 
22.8889 
22.5802 
22.7766 
22.9729 
28.1698 
28.8656 
28.6620 
28.7688 
28.9547 
24.1510 
24.8474 
24.5487 
24.7401 
24.9364 
26.1828 



27.6884 

28.2744 

28.8666 

29.4647 

80.0798 

80.6796 

81.2964 

81.9192 

82.5481 

88.1881 

88.8244 

84.4717 

85.1262 

85.7848 

86.4606 

37.1224 

87.8006 

88.4846 

89.1749 

89.8718 

40.6469 

41.2825 

41.9974 

42.7184 

48.4455 

44.1787 

44.9181 

45.6686 

46.416S 

47.1780 

47.9870 

48.7070 

49.4888 

60.2656 
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TABLB-(airtto«rf) 

ocorrAiKiifa diakbibbs, cibgumfskenorb, era 



^ 


,.„™. 


..^ 


OTAM, 


CO... 


.^ 




laclL 


InchoL 


Incbts. 


Inch. 


InchH. 


lDCb& 






25.3^91 


61.0541 






32.5941 


84,5409 






25.&-J66 


61,8486 






32-9868 


86.5908 






26,7218 


62,8904 






83.3796 


88.6843 






26.9182 


63.4663 






33.7722 


90.7627 






26.1145 


64.2T4S 






84.1649 


92,8858 






2a.S109 


55.0885 


1 


. 


84.6578 


95.0834 






26.6072 


65.9188 






34.9508 


97,2068 




^ 


26.7080 


66.7461 




86.8430 


99,4021 




26.8999 


67.6887 






85,7857 


101 6284 






27.0B6.3 


68.4264 






36.1284 


108,8691 




^ 


27.2926 


69.7762 






36.5211 


iOB.]3B4 




:i7.48B0 


60.1S21 






86.9138 


108,4342 




^ 


27-6868 


60,9943 






87.8085 


110 7536 




27.8817 


61.8625 




t 


87.6992 


113.0976 




i^ 


28.U780 


62.7889 






38.0919 


1)6.4660 




28.2744 


68.8174 






88.4846 


117 8590 






28.4707 


64.5041 






88,8773 


120.2786 






28.(1671 


06.8968 






39.2700 


122,7187 






28.8634 


86.2967 






89.6827 


126.1864 






29.0598 


67.2007 






40.0554 


127.6765 






2H.2561 


68.1120 






40,4481 


130.1928 






29.4525 


(19.0293 


13 


40 8408 


132.7326 






29.ti4KS 


69.9528 






41,23.'i8 


135.2974 






29.846-2 


70.8823 






41,6262 


137.8867 






80.0416 


71.6181 






42.0189 


140.6007 






30.2379 


72,7599 






42.4116 


143.1SB1 






80.4342 


73.7070 






42,8043 


14fi.e021 






80.6306 


74.6820 






48.1970 


148.4896 






30.82(19 


76.8223 






48.5897 


161.2017 






81,0231! 


76,5887 


U 


43,9824 


163.9384 






31,2190 


77.f*13 




44.3751 


166,6995 






81.41110 


78 6400 




44.7676 


169.4852 




t 


81.8167 


80.6157 




45.1605 


162.2966 




82,2014 


82.6180 




45,6532 


tOB.lSOft \ 
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TABL.E-(a»«Mi«D 
COnt'AININO DIAHBTBBS, GIBCUMFSBBN0B8, BTO. 



DIAM. 



iBQh. 



OIRCUX* 



Inches. 
46.9459 
46.8386 
46.7818 
47.1240 
47.6167 
47.9094 
48.8021 
48.6948 
49.0876 
49.4802 
49.8729 
60.2656 
60.6583 
61.0510 
61.4437 
61.8364 
62.2291 
62.6218 
53.0146 
63.4072 
63.7999 
64.1926 
64.6858 
64.9780 
65.«707 
65.7634 
66.1661 
66.6488 
66.9415 
67..S342 
■67.7269 
68.1196 
68.6123 
68.9056 



Inches. 
167.9896 

170.8785 

178.7820 

176.7160 

179.6726 

182.6545 

185.6612 

188.6928 

191.7480 

194.8282 

197.9830 

201.0624 

204.2162 

207.8946 

210.6976 

213.8261 

217.0772 

220.3587 

223.6549 

226.9806 

280.8808 

233.7055 

237.1049 

240.6287 

243.9771 

247.4500 

260.9476 

254.4696 

268.0161 

261.6872 

266.1829 

268.8031 

272.4479 

276.1171 



DIAX. 



Inch. 

i 

IS 

i 



dBCUM. 



20 



Inches. 
69.2977 
59.6904 
60.0881 
60.4768 
60.8685 
61.2612 
61.6539 
62.0466 
62.4898 
62.8820 
68.2247 
68.6174 
64.0101 
64.4028 
64.7955 
65.1882 
65.5809 
65.9786 
66.8663 
66.7690 
67.1617 
67.5444 
67.9871 
68.8298 
68.7225 
69.1152 
69.6079 
69.9006 
70.2988 
70.6860 
71.0787 
71.4714 
71.8641 
72.2568 



LmAms.^ 

279.8110 

288.5294i 

287.272 

291.089 

294.881 

298 64 

802.48' 

806.8 

810.246 

814.1 

818.099: 

822. 

826.051 

880.06 

884.1018 

888.1687 

842.2508 

846.8614 

850.4970 

864 6671 

858.8419 

868.0511 

867.2849 

871.6482 

876.8261 

880.1880 

884.4665 

888.8220 

898.2081 

897.6087 

402.0888 

406.4986 

410.97S8 

416.47M 


















niu.-™. 


^*- 


E 


0.«CUH. 


""■ 


IbcbHu 


iDChH. 


Inches. 


Iiicbn 


B!fS4'.lS 


42(1,00-10 






7H.il32T 


495.79&0 


P.0422 


424.5577 
4l!9.1362 






.7!t.82o4 


500.7416 


18.43 J 9 






79,7181 


505.7117 




483.787! 






80, 1 108 


510,T0«a 
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I the circumferencee of larger circles, muld- 
ipnflter by 31416. 
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isBued, through the secretary of the association, a _ 
cular of queistioDS to all the master mechaaics of 
various railroads througliout the country, iu order to 
elicit such iDformatioii as they might possess on thia 
subject. 

In conipliance therewith, communications had been 
reeeiveii from over sixty master mechanics, and the 
information so obtained was very extensive and val- 
uable, confirming in substance the theory advanced in 
a paper read in the convention last year, to the effect 
that the only efiectual way to prevent inurustatioa ~ 
to purity the water, if possible, before it is allowed 
enter the boiler. 

To this end the committee directed its efforts, 
had given special attention to the reports of thoee 
who have experimented, with a view thereby of 
ascertaining the beat and cheapest mode of accom- 
plishing the same. From all communicatious re- 
ceived, it is found that most of the roadii located in 
the Eastern and Southern States are troubled bi 
little with incrustation, while those in Middle St 
are variously affected — some suffering great 
others none at all. 

Western roads suffer most, many of them finding 
il necessary, in order to maintain average economy 
in fuel and reasonable safety to the boiler, to take 
out fiues once in six to twelve months, for the pur- 

e of removing scale from both holler and tubes. 
f epgineerB in Western 8tat«s realize ■tmiUi 



an^ 
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difficulties in a greater or less degree, according to 
location. 

Mr. Ham, of the New York Central, stated thav 
he can run with economy on the Eastern Division 
four years without taking out the flues; while on 
the Middle Division, on account of lime and scale, 
lie has to take them out, on an average, every year 
and a half, and on the Western Division every two 
years. He finds it necessary, on the Middle Divi* 
sion, to put new sheets in the bottom of the cylinder 
part of tlio boiler on an average every five years ; 
and with good water has only repaired that portion 
of the boiler once in eight to ten years. He knows 
nothing equal to pure water to keep boilers free 
from mud and scale. 

At another meeting of the American Railway 
Master Mechanics' Association, the committee to 
whom was referred the subject of steam-boiler incrus- 
tation, after a series of very exhaustive experiments, 
reported that the only preventive against incrusta- 
tion was the use of pure water in steam-boilers. It 
was also stated that the extra expense in one year, 
from impure water and incrustation, would amount 
to $75,000 for every hundred locrimotives. Tbf 
committee considered that to boil sufficient watf;r {/, 
■apply a locomotive for one year, running '^1,W; 
miles, won Id require an extra expenditure of %^'A 
for foei ; but they considered that that was the ouVj 
fdiable mean? for preventing incrustation «aiA if* 
ofrapturm Mnd lemka in boil^tn. 
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As before stated, what is needed to render efficient 
and permanent relief is an article that will attack 
the scale, render it porous, and destroy the affinity 
between it and the iron, without any injuries to the 
latter, and will hold the minerals and ingredients, 
which are passing in with the feed-water, in the form 
of slush or sludge, until they can be blown out. 6. 
W. Lord, a practical manufacturing chemist of 
Philadelphia, who has been, at various times, con- 
nected with many mechanical enterprises in this 
country, the West Indies, and South America, has 
succeeded, by experiment and observation, in pro- 
ducing an article — Lord's patent boiler compound 
— which has been in use over eight yei^rs in all 
parts of the United States, Canada, South America, 
Mexico, and Cuba, under the most varying circum- 
stances, and in all cases with satisfactory results. 
The manufacturer and patentee can produce more 
than ten thousand testimonials of its efficiency from 
engineers and steam-users. It neutralizes mine and 
mineral waters, which contain lime, iron, sulphur, 
and carbonates, destroys their affinity, and renders 
them simple and harmless. It not only prevents 
the formation of new scale, but decomposes the 
old and converts it into a soluble sediment, which 
may be blown out every day. It contains no acid 
which has any injurious effect on the iron of the 
boiler, — evidence of which may be found in the fact 
that the manufacturer, some years ago, filled several 
^sand vials with a solution ot \A^ ^TCk^wad^ta 
• was placed a quantity o^ VA?^u\. \t«a Nwa^' 
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iiigs and small pieces of eteel wire, which appear as 
bright BS the day they were immersed in the solu- 
tiou, one of which will be sent to any one who feels 
incredulous on the subject Lord's compound gives 
relief in all cases when used according to directioDs. 
Parties wishing to teat its efficicDcy should address 
Gbo. W. hoBD, Philadelphia, Fa. 




The above cut represents George Stepheusoii's loco- 
motive " The Rocket," which won the prize at Man- 
chester, 1829, and t'uJJj established the euccess ai 
ti* locomotive. 
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BOILER EXPLOSIONS. 

The risk of life and property iDvolved in the 
of the steam-hoiler i^ ^till, as it has always been, a 
source of constant anxiety to the engineer and steam 
user. Explosions continually take place, under cir- 
cumstances of the utmost apparent security. Occur- 
ring without warning, and occupying but an instant 
of time, it is generally difficult, if not impossible, 
except in rare instances, to ascertain with certainty 
their true cause. There is seldom a unanimous 
opinion on the part of experts who examine into the 
causes after the event 

But experience in the care and management of 
steam-boilers has fully demonstrated that the prin- 
cipal causes that tend to produce explosions are -— 
deficiency of strength in the shell or other parts of a 
boiler, insufficient bracing, unequal expansion, &ulty 
construction, leakage, oxidation or rusting away of 
the iron, internal grooving, over-pressure, excessive 
firing, ignorance, recklessness, and mismanagement 

The above includes everything that an intelligent 
experience has shown us would cause a steam-boiler 
to explode, and it will be seen that the remedy is 
within the control of practical and intelligent men. 
Of course boilers sometimes give out in places least 
expected, and show weaknesses, that have been de* 
veloped by use, that perhaps could not have been 
discovered in any other way ; and there may also bt 
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itsiiuacts ifhere no aatisfiictory leason csn be anigned; 
bat it is poanble that even these ooold be aooounted 
for, were all the circamstaiioeB known. 

Thoagfa we are indebted to scienoe for ideas and 
fiuTts that have solved some of the most knotty 
problems in mechanics^ still scKotific men seem to 
be more in the dark on the safaject of steam-boiler 
explosions than most of oar experioioed practical 
men engaged in the care or ranning of boilers, as 
their theories do not accord with fiuHs that are broaght 
to light in every-day practice. It is well enough in 
some cases td advance theories, no matter how absurd 
they may be, because they induce thought, comment, 
and experiment, by which at least something may be 
gained; but the evils likely to arise from theories 
advanced in the case of boiler explosions are that 
these scientific theories are apt to be accepted as an 
established fact before anything has been proved, 
because they are given to the public on oocasiona 
when every one is excited by, and aiudous to learn 
the cause of, some terrible disaster. 

The investigation of the causes which led to th« 
explosion of the ferry-boat Westfield covered a great 
deal of paper, but its practical meaning might be con* 
densed iuto a small space, as the investigation r^ 
vealed the fact that the shell of that boiler concealed 
for years nearly every defect that leads directly and 
indirectly to disaster. On that, as well as on all 
former occasions of a like character, the scientific ex* 
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porta were on hand with the gas, electricity, deoom* 
posed steam, dissociation of water, concussive ebulli- 
tion, and £Ettigue of metal theories. The fact that the 
engineer in charge did not know whether the steam- 
gauge and *safety-valves on his boiler were in a ser« 
viceable condition or not ; or that, according to Fair* 
bairn's experiments, and all past and present expe- 
rience in the strength of steam-boilers, he was carry- 
ing about twice the pressure that the boiler would 
stand with safety when new, did not seem worthy of 
the attention of the scientific experts. Of course it 
would be unscientific to attribute the cause of such 
a disaster to imperfections in construction, poor 
workmanship, scant bracing, cracked flanges, etc. 

It is true we have commissioners appointed by the 
Gk>yernment for the purpose of making experiments, 
and finding out, if possible, why boilers explode, but 
the results of such experiments never amount to 
■Dything, nor is any one better posted on boiler ex- 
plosions after the experiment is over. The idea of 
building a steam-boiler and then bursting it for the 
purpose of showing how much strain it took to burst 
it, seems to be akin to knocking a man's brains out 
with a club for the purpose of showing the jury on the 
trial of a murder case how hard a blow it must have 
taken to kill the murdered man. Experiments on 
obsolete or especial types of boilers, or those made in 
tlie laboratory, will do little towards preventing the 

explosion, of boilers, because the conditions \mA 
24* 



n 

I 
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which boilers are used in maDufactories are very A 
fferent frum those under which experimental boilen 
are used. Test of safety-valves and steam-gaugea 
would be heneficial, as it would undoubtedly revesl 
a great many defects in their coDstruetion, and would ' 
have a tendency to direct the attentjon of steam usnul 
aud inventors to the improvement of these moatfl 
iodispensable adjuncts of the steam-boiler. 

All practical experience in the construction, can^n 
and DianagerDeot of steam-boilera goes to show tfaxt'' 
there is hardly any two boilers alike, owing to defects 
in the material, design, construction, bracing, etc., bo 
that the bursting of 100 boilers would not establish 
any criterion for the strength and durability of 
boilers in general. Prudent steam users are not so 
anxious to find out what would burst a boiler as they 
are to kuow what would not burst it ; because the 
record of (toiler explosions in the past goes to show 
that it does not need any scientific training to enable 
men to buret or blow up a boiler, for men who just 
learn enough to put coal into a furnace and look 
at an engine run, ol\eu furnish very convincing 
proof that tliey are fully competeut to do that. 

The question will very naturally be asked : " How 
■ball boiler explosions be rendered less frequent, or 
prevented altogether?" And the answer is that no 
spocifie rule can be laid down that will apply to all 
boilers; each case requires treatment in accordance 
the dVciunstaucea connected with it, — that ii. 
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the type of boiler, pressure carried, character of 
bracing, quality of water, efficieucy of attendant, 
etc Experience has taught us, so far, that the ma- 
jority of explosions that have taken place has been 
caused by circumstances which might have been pre- 
vented, had sufficient care been exercised in the selec- 
tion of materials tor the boiler in the process of con- 
struction, and in the care of the boiler after it was put 
under steam. 

Information of great value can be obtained on the 
most practical means of preventing steam-boiler ex- 
plosions from the yearly reports of the Hartford 
Steam-Boiler Inspection and Insurance Company. 
These reports show, conclusively, that a thorough 
and searching examination of steam-boilers by com- 
petent men is the only means of discovering defects 
which must eventually produce explosions, and in 
proof of which might be cited the fact that wherever 
steam-boilers have been subjected to the inspection 
of that Company, the community received complete 
immunity from steam-boiler explosions. Take, for 
instance, the city of Philadelphia, where the inspec- 
tion of that Company comprises about 2,000 steam- 
boilers, — not one explosion has occurred within the 
past five years, though prior to that time they were 
of frequent occurrence. What is true of Philadelphia 
is true of other places. 

But it is the locomotive boiler that y?^ Vi«s«* 
more direotlj to deal with now The VBS^ecXXatL « 
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examination of that class of boilers is more difficub 
than that of any 6ther, as they are of necessity com* 
plicated and difficult to enter; but, nevertheless, the 
American Master Mechanics' Association^ a body of 
very talented and practical mechanics, have taken 
the subject of boiler explosions in hand at their 
yearly convention, and as they show by their discus^ 
uons that they are no visionary theorists, but m«[i of 
sound practical ideas, there cannot be any doubt but 
that their deliberations will elicit such information 
as will cause locomotive boiler explosions to be len 
frequent than they have been in the past. And as an 
evidence that they are fully alive to the best means 
for preventing such disasters, the more practical of 
them, at their last convention, declared that the first 
step to be taken to prevent boiler explosions is to 
secure good material for the boiler; next, good work«> 
manship, and then care and intelligence in their use 
and management. 

The number of locomotive boilers that exploded in 
the United States within the la^t six years amounted 
to 103, causing the loss of 151 lives, and property to 
the amount of several million dollars. Any diass of 
men that, by their practical intelligence and example, 
^ will render such disasters less frequent, will confer a 
great boon on mankind. 
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ACCIDENTS. 
Sulea for the Course to be followed by the Bystanden | 

in Cflse of Injury by Machinery, where ^urgtcul A»- I 

mlance cannot at once be obtained. 

If there is bleeding, do not try to stop it by bind- 
ing up the woiiud. The current of the blood to the I 
part viwil be cheeked. To do lliis, find the art«ry by ' 
its beating; lay a firm and evtn compress or pad | 
(made of cloth or rags rolled up, or a rouud stone 




Fig, 1, Fig. 2. Fig, 3, 

L or a piece of wood well wrapped) over the artery, (see 
L Fig. 1 ;) tie a baiidkerchiof around the limb and i 
t compress ; put a stick through the handkerchief and I 
I twist the latter up till it \b j'\ai tight enovgh lo slop the 
WbleedtTiff; then put one end of the stick under the 1 
I handkerchief to prevent untwisting, as in Fig. 3. 

The artery in the thigh runs along the inner side i 
I of the muscle in front, near the bone. A little above 
I the knee it passes to the back of the bone. In inju- 

s at or above the knee, apply the compress high u 
Bon the inner side of the thigh, at the povat ^^ 



ihu two thumbs meet at C, in Fi^. 4, with the knot 
ou the outer aide of the thigh. When the leg is 
injured below the kuee, apply the coinpresa at tbe 
back of the ihigh, just above tbe knee, at C, in /"ly. 
2, and the knot tu front, a& in Fig». 1 and 3. 

The artery in the aiin iijus down the itiiier eide "f 
the large luuecle in front, quite close to tliA bone. 
Lower down it gets farther forward toward the bend 
of the elbow. It is most easily found aud compre^ied 
a little above the middle. (.See Fig. 5.) 




Fig. 4. 



Care should be taken to examine the linih f\ 
time to time, and to lessen the eorapression i 
becomes very cold or purple ; tighten up tbe 
kerchief again if the bleeding begins afresh. 

In the case of shock, when the injured person t 
pale, faint, cold, and sometimes inseasible, ' 
labored puke and breathing, anything liktt i 
ment must be avoidt^d, as it tends to exhaust t 
patient, who should be laid down with the 1 
r&thertow. Muehtalldng should bast ' 
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iless in words of encouragement. External warmth 

ould be applied, and the person covered with 
iankets, and bottles of hot water or hot bricks ap 
plied to the feet and to the armpits. 

Burns and Scalds. — Injuries of this kind are 
more dangerous when situated on the chest or body 
than when on the limbs. Burns are generally more 
severe than scalds, because the skin is more fre- 
quently destroyed, producing a slough or mortifica- 
tion of the part, which must separate and come away 
before the wound can be healed. 

Scalds from hot water or steam are usually less 
severe, unless very extensive, a* the scarf skin is only 
raised like a common blister ; but should the injury 
from either scalds op bums be severe, a shivering, 
followed by depression, is very likely to come on. To 
check this, some warm wine and water, or spirits and 
water, should be given without delay, and bottles of 
hot water applie:! to the hands and feet to support 
warmth. 

Bruises. — Wounds arising from heavy bodies fall- 
ing on the person, or the person falling from a con- 
siderable height, require prompt treatment; but dan- 
ger generally arises from the shock to the system, 
and until the arrival of medical aid all efforts 
should be directed to making the patient as comfort- 
able as possible, by warm applications or poultices. 
Flannel made warm and applied to the skin, and in 
some cases cold water, is very refreshing. Stimulantft 



tfiniut vt KvvutHft *. 







THE OE WITT CLINTON— rijl. 



Till; firxt IfKroiDotire built in the United Sttlcc 
thflt \nitf. any rfwemblance to the modern locomotive 
iJiuni. of '^linden, 5} iDchea ; stroke, 16 in. ; dimm. 
of driv4;n<, 4j fe«t. The boiler containa 32 copp« 
tubiw, 4 incheti in diameter and 5 feet long. W«gfat 
of locomotive complete, 4 tone. 
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Albany, N. Y 
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ADKiiHta, Me 

Baltimore, Md 

Bangor, Me. 

BoBton, MasH » 
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Cambridge, Mbbs 
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Chicago, 111.... 
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Cleveland, O 

aiiiiton, N. Y 
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Hartford, Conn 
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Liverpool, En^^ 
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'iflckporLN. Y. 

ILondon. Eng. 

, LouUville, Ky 

iLoweU, Maes. 

'Hamphiti, Tenn 

'Milwaukee, Wis 

Mobile, Ala. 

Montpelier, Vt 

Montreal, 6. E 

Nantucket, Masn 

Newark, N.J 

New Bedford, Mass.. 

Newbury port, Mass.. 

New Haven, Conn.... 

New London, Conn.. 



1, La... 



Ntw Orlea , 
Huwporl, R. I 
Niapira Falla, N. Y. 

Norfolk, Va. 

Northoiitpton, Mbkh.. 

Oraalm i'ity. Neb 

Oswego, N. Y 

Paris, France 

Philadeli-liia, Pa 

Fike'BPi'ak.Cd 

PittBbun;, Pa 

Pcrtland,Me 

Poitflmoiitli, N. H 

ProvidenM, R. I 

Pravincetown, Maaa.. 

Quebec, C.E,. 

Raleigh, N.C. 

Hichmond, Va. 

HmibeBter, M. Y. 

''Vacmaenta Gtf, Cal, 
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Salt Lake Citj, Utah 
San Francisco, Cal..- 

SavJ^h, Oh. 


t^JJu::::::. 


Trenton, N. J 


WEBhington, D.C 

Wert Point, N.Y 




M. W. BALDWIN'S LOCOMOTIVE " IRONSIDES" — iSja. 

The above locomotive was placed od the PhUa^' 
phia, Gennantown & Norriatown B..R,,, kh^-* 
iiabed tbe aucceas of the locomotive ml\»fc\S.' 



IM 



HAHD-BOOK OF ISS IiOUOMOTITB. 



DISTANCE BT BAILROAD BESWEEN JMPOJL- 
TANT PLAGES IN THE UNIIEO STATES.. 



MILBS. 

Fbom New Yobk to 

Albany 144 

Baltimore, Md 184 

Boston 236 

Buffalo, via Hornellsville 423 

Buffalo, via Albany 442 

Charleston, S. C 788 

Chicago, via Albany, 

Buffalo and Cleveland.. 980 
Chicago, via Buffalo and 

Cleveland 1043 

Chicago, via Erie Bail- 
way and Cleveland 957 

Chicago, via Philadelphia 

and Pittsburg 935 

Cincinnati, via Albany 

and Buffalo 880 

Cincinnati, via Erie Bail- 
way and Dunkirk 857 

Cincinnati, via Philadel- 
phia and Pittsburg 807 

Cleveland, via Albany and 

New York Central 625 

Cleveland, via Erie Bail- 
way 602 

(/leveland, via Philadel- 
phia and Pennsylvania 580 

Dunkirk 460 

Indianapolis, via Albany, 

Buffalo and Cleveland.. 911 
Indianapolis, via Erie 
JUUwBjrand Clereland 888 



Fbom Nbw York to 
Indianapolis, via Phila- 
delphia and Pitteburg.. 838 
Louisville, via Dunkirk... 994 
Louisville, via Philadel- 
phia 946 

Milwaukee, Wis.,via Dun- 
kirk and Chicago 1049 

Mobile, Ala 1438 

Montreal, Canada. 408 

Niagara Falls, via Erie 

Bailway, 438 

Niagara !B'alls, via New 

York Central 447 

Philadelphia 87 

Quebec, Canada. 582 

Bichmond, Va 355 

Bock Island, 111 1131) 

St. Louis, via Dunkirk 

and Chicago '..,..... 1242 

Washington, D. a 844 

Fbom Bostok to 

Albany 200 

Augusta, Me 165 

Baltimore....; 420 

Buffalo 49f 

Charleston, S. C 1018 

Chicago, via Canada. 1013 

Cincinnati, via Cleveland 936 

Halifax, N. S 663 

Montreal, Canada. ••••••.. 
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MILES. 

Fbom Boston to 

N«w OrleoDS, La 1828 

New Yoik, via Hartford.. 236 

Philadelphia. 323 

Portland, Me 105 

Quebec, Canada. 422 

Biehmond, Va 691 

Savannah, Qa. 1143 

St. Louis, via Chicago 1298 

Washington, D. C 460 

From Philadelphia to 

Baltimore 97 

Boston 323 

Bafihlo 424 

Charleston 789 

Chicago 847 

Cincinnati, via Pittsburg 

and Steubenville 663 

Cleveland, via Pittsburg . 492 

Detroit, Mich 766 

Elmira 275 

Galena, III 1018 

Harrisbnrg, Pa 106 

Indianapolis, via Steuben- 
ville and Columbus ;..... 730 
lx)uisville, via Steuben- 
ville and Cincinnati 796 

Louisville, via Pittsburg 

and Ohio River 963 

Milwaukee, via Cleveland 937 

Mobile 1345 

Montgomery, Ala 1148 

New Orleans 1511 

Niagara Falls. 443 

littsburg. 353 

25 » 



Fbom Philadblphta to 

Pottsville, Pa 91 

Richmond, Va 268 

Bochester, N. Y 873 

Bock Island, via Chicago 1028 

Savannah, Ga 901 

St Louis, via Cleveland 

and Chicago 1133 

St Louis, via Pittsburg 

and Indianapolis 1029t 

St Louis, via Pittsburg 

and Cincinnati 1050 

Toronto, via Catawissa 

and Niagara 497 

Washington, D. C 137 

Fbom Baltimobb to 

Boston 420 

Charleston, S. C 692 

Chicago, via Wheeling 

and Cleveland 878 

Cincinnati, via Wheeling 
and Central Ohio Rail- 
road 629 

Cincinnati, via Wheeling 

and Ohio River boat.... 763 
Cleveland, via Baltimore 

and Ohio Railroad 523 

Cleveland, via Pennsyl- 
vania Railroad 469 

Cumberland, Md 178 

Elmira, N.Y 247 

Harper's Ferry 82 

Jonesboro', Tenn 624 

New York 184 

Niagara Falls . 41is 
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tiul OH¥V ami Umm^ 

Wiiyaut*^p^,n^ Pa. 
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Fjk/'/if WAMm^r/ff/f^ D. C^ to 

HtkHiw^f 40 I 

Hf0ftott ^ 4W ■ 

Ba/fAl// 442 : 

f:htir\0!»^pn, H. C 652 

ChitMf^o mi 

Cindrinaii, Ohio 609 

C1^«;Un/] 509 

Ifiml It/mte; 34S5 

iMroit, Mich 684 

rMlrmUiri, Texan 1800 

IfHllfax, N. H 1113 

MmnphiM, T«nn 1476 

Mnxino, (Miy of Mexico... 2400 

Moriirniil, Oatiada 627 

NifW OrlimtiN, La ]365 

Nnw York 224 

Philadelphia 137 

Qifbte, Canada 772 



Bear Bivcr 

Boia^ O^ 1M» 

Virgiiil* O^ 1I3S 

Hdenft 1865 

Siem Nerada f Smwl^ »66 
Saenmento (Stj — 
San Fnuieiaeo 

8t. LouiB TO 

f ort Kcarocy •••••••• .•■•...■• 098 

Fort Laramie ~ 1058 

RedBottes ^ ^ 1215 

FortBridger 1493 

Bear River 1628 

Fort Hall 1684 

Fort Bois6e 2001 

Fort Walla- Walla 2229 

Fort Vanoouver 2416 

Oregon City ^-^.^ i44f 
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DISTANCES VROM PHn. ADELP HIA TO CITIES 
AND TOWNS IN THE UNITED STATES BY THE 
SHORTEST ROUTES. 



MILKS. 

Albany, N. Y 232 

AJbeeoom, N. J 52 

Allentown, Pa 71 

Alliance, Ohio 449 

Atlantic City, N. J 59 

Altoona, Pa 288 

Aagosta, Ga 742 

Baltimore, Md 97 

Bangor, Me 578 

Bellefonte, Pa 250 

Bethlehem, Pa 54 

Beverly, N. J 13 

Boonsburg, Pa 149 

Bordentown, N. J '27 

Boston, Mass. 323 

Bridgeton, N. J 37 

Bristol, Pa 17 

Bristol, Va 620 

Brooklyn, N. Y 89 

Buffalo, N.Y 424 

Burlington, N. J 19 

Burlington, Iowa «... 1050 

Camden, N. J 1 

Cape May City, N. J 84 

Carlijle, Pa 124 

Catawissa, Pa 145 

Catskill (Landing) N. Y.. 199 

Charleston, S. C 663 

Chfunbersburg, Pa 158 

Chattanooga, Tenn. ...—.. 760 

Cketter, Pa. 14 1 



MILSB. 

Cheyenne, Dakota 1824 

Chicago, lU 828 

Cincinnati, Ohio 668 

Claymont, Del 20 

aearfield. Pa 264 

Cleveland, Ohio 505 

Coatesville, Pa 40 

Columbia, Pa 80 

Columbus, Ohio 584 

Coming, N.Y 292 

Corry, Pa 413 

Cresson, Pa 253 

Crestline, Ohio 544 

Crisfield, Md 163 

Cumberland, Md 276 

Danville, Pa 154 

Davenport, Iowa 1006 

Delanco, N. J 12 

Delaware Water Gap, Pa. 100 

Detroit, Mich 675 

Des Moines, Iowa 1180 

Dover, Del 76 

Downingtown, Pa 33 

Doylestown, Pa 32 

Dunkirk, N. Y 461 

Eagle, Pa , 17 

Easton, Pa 66 

Ebensburg, Pa 264 

Egg Harbor, N. J 41 

Elizabeth, N.J ' 

EllicoU'sMVlK^id... 



.••%••* 
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Faom Philadelphia to 

Elmira, N. Y 276 

Elkton, Md 46 

Erie, Pa 461 

FlemingtoD, N. J » 68 

Florence, N. J 23 

Fort Harker, Kan 1499 

Fort Kiley, Kan 1414 

Fort Wayne, Ind 676 

Franklin, Pa., via Pitti- 

burg 460 

Frederick, Md 160 

Fredericksburg, Va » 208 

Freeliold, N. J 69 

QalvcHton, Texas 1734 

Qettysburg, (via Colum- 
bia, Pa.) 122 

Girard, Pa 113 

QlasHboro, N. J 18 

Grafton, Va 377 

Greensburg, Pa 324 

Gwyne<id, Pa 18 

Haddonfleld, N. J 7 

llaKeratown, Md 180 

Ilamniontou, N. J 30 

Hamilton, Canada 489 

Ilarrinston, Del.. 92 

llarrJHbur^, Pa 106 

llari)er'8 Ferry, Va 179 

Hartford, Conn 198 

Hp.vi*e de Grace, Md 62 

Hightstown, N.J 41 

Hollidaysburg, Pa 246 

Homellayille, N. Y 333 

Huntingdon, Pa. 204 

ladiaiMy Pa 320 




Fbom Philadklfhia 
Indianapolis, IncL......... 

Jaekaoo, Mifls., ^ U4f 

Jamesbiug, N. J. ...... ~...* 48 

Jeflfonon City, Ma. ....«..». 1U5 

Jeney City, N. J ^ 87 

Johnstown, Pa. ^ VI 

Kane, Pa 388 

Kansas aty, Mo 1280 

Knoxville, Tenn 740 

LambertviUe, N. J 46 

Lancaster, Pa 60 

Laramie, Dakota 1886 

Lawrence, Kan^ 131S 

Leavenworth, Kan 1307 

Lebanon. Pa 80 

Lewistown, Pa 167 

Linwood, Pa 18 

Little Bock, Ark 1300 

Lockhaven, Pa... 228 

Long Branch, N. J 82 

LouUviUe, Ky 776 

Lowell, Mass 358 

Lynchburg, Va 316 

Lynn, Mass 343 

Madison, Wis 961 

Mahanoy, Pa 117 

Martinsbarg,Va 198 

Mauch Chunk, Pa. 87 

Media, Pa 14 

MeadvUle, Pa 444 

Memphis, Tenn 1152 

Middletown, Pa. 97 

Milford, N. J 66 

Millvill^N. J .«.• 40 

Milton, Pa 17* 
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MIUES. 

Fbom Philadelphia to 

liilwaukee,Wi8 908 

MobUe, Ala 1472 

Morgan's Comer, Pa. 14 

Montgomery, Ala 1037 

Moorestown, N. J 10 

Morristown, N. J 118 

Morrisville, Pa 26 

Mount Holly, N. J 18 

Mount Joy, Pa 82 

Nashville, Tenn 960 

Natrona, Pa 378 

Newark, Del 40 

Newark, N.J 79 

New Brunswick, N. J 66 

Newburyport, Masa 368 

Newburg, N. Y 148 

New Castle, Del 34 

New Haven, Conn 160 

New London, Conn 160 

New Orleans, La 1527 

Newport, B. I. (rail and 

boat) 261 

New York City 88 

Niagara Falls, N. Y 446 

Northumberland, Pa 163 

Norristown, Pa 17 

Ogden,Utah 2346 

(Ml City, Pa 440 

Omah», Nebraska. 1316 

Paoli, Pa 20 

Parkersburg, Ya 481 

L'arkersburg, Pa 46 

Paterson, N.J 104 

Pemberton, N. J 24 

Ptnsaoola, Fls 1106 



From Philadelphia, to 

Perryville, Md 61 

Petersburg, Va 290 

Phillipaburg, N. J 81 

Philipsburg, Pa. 227 

Phcenixville, Pa. 28 

Pitteburg, Pa 356 

Pittstown, Pa 161 

Pittson, N.J 26 

Port Clinton, Pa 78 

Portland, Me 440 

Portsmouth, N. H i. 384 

Pottstown, Pa 40 

Pottsville, Pa...'. 98 

Poughkeepsie, N. Y 163 

Princess Anne, Md 144 

Princeton, N. J 40 

Providence, R. 1 272 

Promontory, Utah 2400 

Quakake, Pa 106 

Quakertown, Pa 38 

Rahway, N. J 68 

Raleigh, N. C 461 

Reading, Pa 68 

Richmond, Va 268 

Ridgeway, Pa 332 

Riverton, N. J 7 

Rochester, N. Y., via Wil- 

liamsport, Pa 373 

Rochester, Pa 381 

Rupert, Pa 147 

Sacramento, Cal 3090 

Salt Lake City 2369 

St. George's, Del 44 

St. Louis, Mo 998 

St. Mary's,Pa •• ^» 



M 
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VILE8. 

Fbom Philadblphia to 

St. Paul, Minn 1802 

Balem,Ma8s 343 

Salem, N.J **,. 43 

Salisbury, Md 131 

San Francisco, Cal 3228 

Saratoga, N. Y 264 

Savannah, Ga 879 

Schuylkill Haven, Pa 89 

Scranton,Pa 164 

Seaford, Del 112 

Sheridan, Kan 1685 

Sing Sing, N. y 120 

Smyrna, Del 66 

South Araboy, N. J 63 

Springfield, Ma^ 224 

Steamboat, Pa 27 

Stroudsburg, Pa 102 

Sunbury, Pa 163 

Suspension Bridge, N. Y. 448 

Syracuse, N. Y 380 

Swedesboro, N. J 18 

Tacony, Pa 6 

Tamaqua, Pa 98 

Titusville, Pa 458 



From Philadelphia to 

Toronto, Canada 528 

Trenton, N. J 28 

Troy,N.Y 238 

Tullytown, Pa 21 

Tunkhannock, Pa. 176 

Tyrone, Pa 581 

Uintah (Salt Lake) 2340 

Valley Forge, Pa 24 

Vicksburg, Miss 1388 

Vincennes, Ind 716 

Viueland, N. J 36 

Warren, Pa 385 

Washington, D. C 138 

Waterford, N. J 28 

Weldon, N.C 354 

Westchester, Pa 27 

Wheeling, Va 434 

Whitehall, Pa 11 

White Haven, Pa. 110 

Wilkesbarre, Pa 142 

Williamsport, Pa „ 197 

Wilmington, Del 28 

Wilmington, N. C 516 

Woodbury, N. J 8 



Number of Miles of Railroad in the World in 
1873, — The whole number of miles of railroad in 
the world at the cjose of 1873, was about 167,500, 
or nearly seven times the circumference of the earth. 
North America, 86,000 miles; Europe and entire 
Eastern hemisphere, 79,000 ; kSouth America, 2,500, 
all of which were constructed at a ccet of i6»400,' 
000,000. 
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^'KJABULARY OP TEOflNICAL TERMS AS AP- 
PLIED TO THE DIPPERENT PARTS OP LOCO- 
MOTIVES. 

Air Chamber. — An air-tight vessel attached to the 
f^ed-pump, for the purpose of cushioniDg the pump and 
lesBening the jar caused by the action of the plunger and 
the pressure in the boiler. 

Apron. — The sheet-iron plate that covers the space 
between the engine and tender. 

Arch Pipes. — The steam -pipes which connect the 
double cone with the cylinders. 

Ash Pan. — A box or tray beneath the furnace to catch 
the falling ashes and cinders. 

Axles. — The revolving shafts to which the wheels of 
locomotives and cars are attached. 

Back Dome. — The dome in which the dry-pipe is 
placed. 

Back Pumace Brace. — A brace that runs from the 
back of the furnace to the end of the frames. 

Bell Yoke. — A cast-iron yoke on top of the boiler, in 
which the bell swings. 

Bissel Truck. — A truck especially designed to relieve 
the lateral rigidity in locomotives and enable them to 
pass curves with ease. 

Blast Pipes. — ^Two pipes inserted in the exhaust ports, 
with their upper ends contracted, for the purpose of ex • 
citing an artificial draft. 

Blow-off Cocks. — A cock at the bottom of the fire-box 
through which to empty the boiler. 

Blower Pipe. — A pipe in the smoke-box connected 
wH\x the blower-cock in the cab to blow ste^m througYi, 
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for the pmpose of producing a draft when the engine b 
not in motion. 

Boiler. — The source of all power where steam hi 
used as a motor. The vessel in which the steam is gen- 
erated. * 

Bonnet. — A wire cap or netting surmounting the 
chimney, to keep down the sparks and cinders. 

Boxes. — The bearings resting on the journals of loco 
motive and car axles. 

Brackets.— ^he braces which support the head-lighti 
on the front end of locomotives. 

Brasses. — A term applied to the boxes on the eross- 
heads and crank- pins of locomotives. 

Brake. — A drag applied, by moving of rods and leven, 
to the wheels of railway cars, for the purpose of checking 
their velocity 

Brick Arch. - -A brick slab placed across the front end 
of the furnace, directly over the fire, for the purpose of 
holding the smoke and gases in contact with the firs 
until they become thoroughly mixed. 

Bumpers. — Timbers bolted to the frame on the firont 
end of engines and rear end of tenders. 

Bumper Blocks. — Pieces of timber bolted to the 
bumpers for the purpose of receiving the jar when the 
cars strike. 

Bumper. Sheet. — A sheet placed on the front end of 
the frame to cover the space between the bumper and ths 
cylinders. 

Cab. — A house for the engineer and fireman on the 
back end of the boiler of the locomotive. 

Gab Handles. — Handles fJEistened on the cab to assist 
the engineer and fireman in getting on or off the engine. 
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Cellars. — Chambers in the jaws of the boxes, to hold 
oil for the purpose of lubricating the journals. 

Cellar Bolts. — The bolts which hold the cellars up to 
the journals. 

Centre Gasting. — ^The casting that forms the connec- 
tion between the truck- bolster and the front end of the 
boiler. 

Cbeok Valve. — A valve connected with the boiler to 
prevent the back pressure in the boiler from interfering 
with the action of the pump. 

Check Chamber. — A chamber attached to the waist 
of the boiler, through which the water passes from the 
connecting pipe to the boiler. 

Connecting Pipe.— The water-pipe that connects the 
pump' with the check-valve. 

Connecting or Main Bods. — ^The rods that communi- 
cate the pressure on the pistons to the crank-pins of the 
main driving-wheels. 

Counter-balances. — Large blocks of iron, cast or 
secured to two or more arms of each driving-wheel, op- 
posite the crank-pin, for the purpose of balancing the 
weight of the parallel and main rods and steadying the 
motion of the engine. 

Cow-Catcher.— See Pilot. 

Crank Pins. — The pins that convert the rectilineal 
motion of the pistons to the rotary motion of the driving* 
wheels. 

Cross Heads. — Blocks moving in guides, having the 
end of the piston-rods secured within them at one 
end, and pins to attach the connecting-rods at the 
other. 

Cross-Head Pins. — The pins or wrists in the cross* 

beads to which the main rods sffe attached. 
26 
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Crown Bars. — Bars on the npper side of the ctowb- 
sheet in the water space, with their ends resting on tfaff 
edges of the furnace-sheet, for the purpose of strengtlieD- 
ing the crown-sheet. 

Crown-Bar Braces. — Braces attached to the crown- 
bars and to the top shell of the boiler, to give additional 
strength to the crown-sheet and the top of the boiler. 

Crown Sheet. — ^The top sheet of the furnace direetiy 
oyer the fire, to which the crown-bars are attached. 

Cut Off— See Slide Valve. 

Cylinders. — Two steam-tight tnbes attached to tiie 
front end of the boiler at the smoke-box, in which the 
pistons move, through which the mechanical effects of 
the steam are transmitted to the cranks by means of steam- 
tight pistons. 

Cylinder Cocks. — Small cocks on the lower side of the 
cylinders, through which the condensed water escapes. 

Cylinder Heads. — The front and back head of tiie 
cylinders, the latter containing the stufSng-boxes, through 
which the piston-rods move. 

Dampers. — Doors in the front and rear end of the 
ash-pan to regulate the quantity of air admitted to the 
furnace. 

Damper Handle.— A Handle passing through the foot- 
plate to open or close the dampers. 

Dashers. — Sheet-iron plates attached to the inside 
shell of the boiler opposite the pump-check, for the pur- 
pose of preventing the cold water from striking the tubes. 

Deflector. — An arrangement used in the furnaces of 
locomotives for the purpose of mixing the air and gases, 
and causing the latter to ignite and render the combas* 
tion of the fuel more perfect 
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Dome. — ^The elevated chamber on the top of the boiler 
from which the steam is taken to the cylinders. 

Dome Bodies. — The sheet-iron jacket that surrounds 
the domes of locomotives outside of the wooden lagging. 

Domo Stays. — Braces connected with the crown-bars 
at one end, and the dome at the other, for the purpose 
of strengthening the dome and the crown-sheet. 

Dome Top. — A covering to which the safety-valves 
and whistle-stand are attached. 

Double Gonoi. — The steam-tight joint that connects 
the steam-pipe and arch-pipes with the flue-sheet in the 
smoke-box. 

Double Trnek.— A truck with two pair of wheels. 

Drag Iron. — The bar that connects the engine with 
the tender by means of a drag-pin. 

Drag Fin. — The pin by which the drag-iron is at- 
tached to a yoke under the foot-plate. 

Draw Bar. — A bar on front of the pilot for the pui- 
pose of connecting the locomotive with cars or with 
another engine. 

Driving Saddle. — A yoke or stand which straddles 
the frame, and on which the driving-springs rest. 

Driving Wheels.— The wheels through which the lo- 
eomptive obtains its power, by their adhesion to the rails. 

Ecoentric. — Cams on the main axles of the driving- 
wheels, through which the slide-valves receive their mo* 
tion. 

Eccentric Straps. — The straps that encircle the ec 
(entries, and to which the eccentric rods are attached. 

Eocentric Bods. — Rods having one end attached to 
the eccentric strap and the other end to the link. 

Equalizing Levers. — Bars suspended by their centra 
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uenemth the frune, mnd connected at eseh end to tiie 
bpringB of the drirere to dtetribate any shock or joH t»> 
eeiyed by the wheeki. 

Wqiialiring Springa.— Springs nsed on the rerene 
shaft to equalize the weight of the links. They are 
either spiral or elliptic, according to drcomstances. 

Exhamt Cavity in Yalves. ~ A cavity in the yal?e- 
6u» to allow the steam to escape from the cylinders, oyer 
the bars or bridges, to the exhaust-pots. 

Exhaust Vozzles. — Nozzles inserted in tiie exhaust 
pots, for the purpose of decreasing the openings in <«der 
to excite the draft in the furnace. 

Exhaust Ports. — Openings in the middle of the Talve- 
«eatB, through which the exhaust steam escapes firom ths 
cylinuerH to the exhaust-pots. 

Exhaust Pots.— Cone-shaped pipes attached to the ex- 
haust cavities of the cylinders in the smoke-box. 

Expansion Clamps. — Clamps attached to the fire*boz 
under the main frame, for the purpose of holding the 
frame against the liners. 

Expansion Clamps. — Clamps bolted over the main 
frames and furnace pads to allow for the expansion of 
the boiler. 

Expansion Joints. — A joint on the throttle-pipe te 
allow for expansion. 

Feed Pipes. — Pipes or hose connected at one end witii 
the tank and at the other with the receiving chamber of 
the pump, through which the water passes from the tank 
to the pump. 

Feed Pipe Hangers.— Hangers bolted to the bottcmi 
of the frame, for the purpose. of supporting the Ised* 
pipes. 



HAKD-BOOK OF THB LOOOlCOnVB. 

7eed Water Cooks. — Cocks in the ends of the pipe to 
regulate the supply of water to the pumps. 

feed Water Shaft8.~Upright shafts passing through 
the foot-plate to the feed-water cocks, and operated hy 
means of cranks. 

Fire Box. — ^The furnace of the locomotive; the cham* 
ber in which the fuel is consumed. 

fire Door. — A door on the hack end of the boilei 
through which the fuel is introduced into the furnace. 

Foaming. — An artificial excitement or ebullition of 
the water in the hoiler when the water becomes foul or 
greasy. 

Follower Bolts. — The bolts that secure the follower 
plates to the piston-heads. 

Follower Plates. — The plates that cover the spring- 
packing on the front end of the piston-heads. 

Foot Board. — A board at the back end of the boiler 
on which the engineer stands. 

Foot Plate. — A cast-iron plate bolted to the back end 
of the frame in front of the fire-door, and to which the 
drag-iron is attached by means of the drag- pin. 

Frame. — Parallel pieces to which the cylinders, cross- 
ties, and all the main parts of the locomotive are attached. 

Frame Braces. — r Horizontal braces betw een the ped- 
estals. 

Front Door. — A door on the front end of the boiler 
inclosing the smoke-box. 

Front Rail. — The front attachment of the frame ex- 
tending from the front bumper back to the front drivers. 

Frost Cocks. — Cocks to admit steam from the bo 

to the feed-pipes, to prevent freezing in cold weath 

Frost Plugs. — Plugs screwed into the ^ umi^-c^M 
26* U 
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and pump-cages, to allow ihe water to esei^ from th« 
pump-chamber and prevent freeang. 

Fulcrum. — The prop, support, w fixed point vpon 
which the levers of the safety-valves are sustained, and 
on which they are supposed to turn freely. 

Fulcmm of Equaliiing Beams. — Tongues on Ibe 
frame between the driving-wheels on which the equaliz- 
ing beams vibrate, by which the weight of the engine is 
equalized on the drivers. 

Furnace Fads.— Knees bolted on the shell of the fire- 
box, by which the weight of the boiler rests on the firame. 

Furnace Rings. — The wrought-iron ring that formi 
the connection between the outside and inside sheets in 
the water space at the bottom of the furnace. 

Fusible Plug. — A plug sometimes used in the crown- 
sheets of locomotive boilers for the purpose of giving 
warning in case the water in the boiler should become 
dangerously low. The metal of the fusible plug consists 
of 8 parts of bismuth, 5 of lead, and 8 of tin ; it melti 
at the heat of boiling water, or 212^ Fah. 

Gasket. — A gum packing for the man-hole or hand- 
holes of boilers. 

Gauge Cocks. — Cocks at different levels on the back 
end of the boiler, to ascertain the height of the water in 
the boiler. 

Gib. — ^The fixed wedge for taking up the wear in boxes 
on cross-heads and crank-pins. 

Gland. — A bushing to secure the packing in stufSng- 
boxes. 

Glass Gauge. — A glass tube on the back end of the 
boiler, connected with the steam- and water-Talves, to in* 
dicate the height of the water. 
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OooM Haek. — A brass or cast-iron neck connecting 
Ihe front end of the feed-pipe to the lower chamber of 
tiie pump. 

Orate.'^The parallel bars on which the fuel is burned 
when soft coal or wood is used. 

Qromiiet. —A ring of hemp used as a packing. 

Onide.— A sleeve on the front end of the steam-chest, 
in which the end of the valve-rods move. 

Ooide. — ^The piece to which the throttle-valve lever is 
made fast, to prevent slipping when the engine is in mo- 
tion. 

Onide Bars. — The parallel pieces between which the 
cross-hedges move. 

Guide Bearer. — A bar or brace bolted across the 
firames, to which the guide-blocks are attached. 

tf aide Blocks. — The blocks on the back head of the 
cylinder and on the guide-bearer, to which the guide-bars 
are attached. 

Guide Brace.- -A brace attached to the guide-bearer 
at one end, and the boiler at the other, for the purpose 
of supporting the guide-bearer. 

Hand Holes. — Holes in the outside shell of the fur- 
nace near the ring, through which to remove the deposits 
of rust or dirt that may accumulate in the water-legs of 
the furnace. 

Hand Bail. — A rail running lengthways of the boiler, 
supported by studs, used as a safeguard to the engineer 
in getting on or off the foot-board when the engine is in 
motion. 

Head Light.— A light used on the front end of loco- 
motives. 

Heater Cocks. — Cocks attached to the boiler in th« 
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cab for the purpose of blowing steam through tbs fted* 
pipes to the pumps in cold weather. 

Heater Pipes. — Pipes connecting heater cocks with 
feed-water pipes. 

Hollow Stays. — Hollow stay-bolts passing through 
the outside and inside sheets of the furnace near the 

4 

crown-sheets, to admit air to the furnace for the purpose 
of increasing the combustion of the fuel. 

Horns. — Knees on the top si(}e of the frame, back of 
the front bumper. 

House Boards. — Boards on the sides of the boiler at- 
tached to the house-brackets, on which the house rests. 

House Brackets.— Oast-iron brackets attached to the 
back bumper of the engine, and on which the house- 
boards rest. 

House Knees. — Wrought-iron knees used in attaching 
the house-boards to the shell of the boiler. 

Induction Forts. — The passages in the valve-seat 
through which the steam enters the cylinders. 

Injector. — An instrument used in supplying boilers 
with feed water. See Injector. 

Jacket. — A covering for steam cylinders. 

Jam Nuts. — Nuts used for setting out the springs 
packing in piston-heads. 

Jam Wrenches. — Wrenches used for locking the 
nuts of the spring-packing on piston-heads. 

Jaw. — A stand secured to the frames of railway cars to 
hold the boxes in which the journals of the axles revolve. 

Journals. — That part of the axles on which the boxes 
rest. 

Keys. -" The wedges for tightening the straps which 
hold the brasses at the ends of the connecting-roda. 
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Key Way. — A elot in a. sh&ft to receive the key 
irteTe two pieciis of machinery are connected by tueatil 
of a key or keys. 

King Pin. — A pin passing through the centre casting 
and the truck centre, for the purpose of preventing the 
latter from becoming detached from the fbrmer. 

Kanekle Joints, —Joints on tlie valve-rods to allow 
them to vibriit« freely with the raditu of the mckei-i 

Lagging, — A wooden sheathing placed round the 
boiler and cylinders of locomotives, for the purpose of 
excluding the atmosphere and preventing cnodensation, 

Lap. — The distance which the slide-valves overlap the 
receiving porU when in the middle of their travel. 

Lead. — The amount of opening the elide-vHlves have 
on the steam end when the pistons commence the stroke 
or the cmnbs are on the dead centre. 

Lifting Links, — The links which connect the lifting- 
arms of the reverse shaft to the saddle-pins of the links, 
by means of which the links are raised and lowered. 

Lifting Pipe) Clearance Pipe, or Petticoat Pipe. 
A funnel-shaped pipeovertheenhaust-polsin the smoke- 
box, that can be raised or lowered to equalize the draft in 
tbe tubes. 

Linen or Frame Liners. — Pieces of iron placed 
between the frames and the til mace to keep the boiler in 
its proper position between the frames. 

Link. — A variable radius expansion gear useil oi 
Cnmotives for the movement of the steam-valves 

Link Block. — A block working between the jaws of 
the link and connected with the apper arm of the 
tocker. 

Llbiloctor. — The valre or ^obe ttarough wbistL Ibt 
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oil or tallow is admitted to the cylindtsra, either from thi 
iteam-chest or cab. 

Main Frames. — The frame that runs from the front 
end of the drivers to the back end of the engine. 

Mud Cock. — A cock in the mud-drum through which 
to discharge the mud from the drum. 

Mud Drama. — A small cylinder attached to the 
under side of the waist of the boiler, to receive the de- 
posits carried into the boiler by the feed water. 

Mud Holes. — Openings in the back end of the fire- 
boZy generally closed by brass plugs, through which to re- 
move the mud from the lower water space. 

Offsets. — Recesses in the outside shell of the fire-box 
to allow the spring-saddles room between the fire-box 
and frame. 

Packing. — A substance used to make a steam-tight 
joint around the piston- and valve-rods. 

Packing Hook. — A steel hook used for remoying ths 
old packing from the stuffing-boxes when it beoomfli 
necessary to repack the engine. 

Packing Eings. — The rings on the piston-head that 
form the steam-tight joint in the cylinder. 

Packing Stick. — A small stick used to drire tht 
packing into the stuffing-boxes. 

Pedestal Gaps. — Caps on the bottom of driving and 
ttuck pedestab. 

Pet Cock. — A small cock communicating with the 
valve chamber of the pump to show whether the pump 
is working or not. 

Pilot. — A fender bolted on the front bumper to i^ 
move obstructions from the track. 

Pilot Braea. — A brace running from the heel of thf 
pJJot to the front bumper. 
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Plate. — A plate on the link to which the lifting' 
arm is attached. 

Piston Heads.— Oast-iron heads attached to the piston< 
rods, on which the rings are fitted that form the steam* 
tight joint in the cylioiers. 

Piston Bod* — A roii keyed at one end to the piston* 
head, and at the other end to the cross-heads. 

Pockets. — Recesses in the top of the driving and 
truck-hoxesy in which the driying-saddles and equalizing 
beams rest. 

Poney Trnck. — A truck with one pair of wheels. 

Priming. — Water carried over with the steam from 
the throttle-pipe to the cylinders. 

Polling Pin. — A pin in the foot-plat^ to which the 
drag-iron is attached. 

Pomp Cages. — Brass chambers between the pump- 
barrel and air-vessel, in which the valves are placed. 

ftnadrant. — A slotted segment in the cab, which holds 
the reverse lever in the right position by means of the 
reverse latch. 

Qnadrant. — A ratchet segment in the cab by which 
the variable exhaust is regulated. 

Badins Bar. — An angle bar attached to the back end 
of the truck frame and to the radius bar cross-tie by 
means of a pin. 

Badius Bar Cross-tie. — A bar slotted across the frame 
as a brace for the radius bar. 

Reach Rod. — A rod connecting the reverse lever with 
ehe reverse arm of the reverse shaft. 

Receiving Ports. — The openings in the valve-seat 
through which the steam passes from the steam-chests to 
the cylinders. 
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Beyene Lateh. — A tongae fitted to notches in th« 
quadrant, by which the reversing lever is held in position 

Boyerse Shaft. — A shaft running parallel with the 
driving-axles at the top side of the frame, by means of 
which the 1ink<) are raised or lowered. 

Reversing Lever. — A lever in reach of the engineer, 
by whicli the motion of the engine can be changed and 
Ihe travel of the valves increased or decreased. 

Rockers. — Double cranks, connected with the link- 
blocks at one end and the valve-rods at the other, by 
which the valves receive their motion through the inter- 
vention of the eccentrics and links. 

Rocker Boxes. — Boxes attached to the frames in 
which the rocker-shafts vibrate. 

Saddle Pin. — A pin on the back of the saddle-plate 
to which the lifting link is attached, and by means of 
which the main link is raised or lowered. 

Saddle Plate. — The plate that forms the base of the 
saddle-pin on the link. 

Safe Ends. — Copper ferrules brazed to the end of the 
iron tubes to form the lip on the tube-sheets. 

Safety Chains. — Chains attached to the front bumper 
and the front end of the truck frame, for the purpose of 
preventing the truck from swinging round and breaking 
the links in case the locomotive should run off the track. 

Safety Hooks. — Hooks bolted to the back bumper of 
the engine ; the safety chains of the tender are attached 

Safety Valves. — Valves on the dome-cover to dis- 
charge the surplus steam from the boiler. 

Sand Box. — A cylindrical box or dome attached to 
the top of the boiler, for carrying sand for the engine. 

Sand Box Rod. — A rod communicating with thesand- 
the cab, by which the aaud-valves are moved. 
"Pipei* — Pipes comm\wtt\caXAXi% m>2«i ^% %i«s&L^ 
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tx>z, through which the sand passes to the rails in front 
of the drivers, to prevent the wheels from slipping when 
the rails are damp or greasy. 

SoroU Irons. — Iron bands placed round the ends o^ 
the front bumper under the bumper-sheet. 

ShelL — The outside sheets of the boiler. 

Slide Valves. — Slide-valves are the valves which 
eontrol the admission and escape of steam to and from 
rhe cylinders. 

Smoke Box. — A chamber at the forward end of the 
boiler which contains the arch-pipes, lifting-pipes, ex- 
haust-pots, and blower-pipes, and through which the 
smoke escapes from the furnace to the smoke-stack. 

Smoke Box Eing. — A wrought-iron ring in the front 
end of the smoke-box, to which the frame of the front 
door is attached. 

Smoke Box Brace — A brace running from the smoke- 
box to the frame back of the horn. 

Smoke Stack. — The chimney through which the 
smoke escapes from the smoke-box. 

Smoke Stack Base. — A saddle casting on the smoke- 
arch, to which the lower end of the smoke-stack is at- 
tached. 

Spark Arrester. — A wire netting or screen in the 
stack to retain the sparks. 

tiprings. — Combinations of steel-plates connected at 
their centre by bands, and at the ends to the equalizing 
beams, for the purpose of lessening the jar on the engine 
produced by the inequality of the track. 

Spring Balances. — Spring attachments in the cab 
connected at one end with the safety-valve levers, and a1 
the other end with the top sheet of the boiler. 
27 
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Spring Hangert. — The pieces that connect the end 
of the springs with the equalizing beams. 

Spring Saddles or Sprij&g Staples. — Yokes that 
straddle the frames and form a support for the springs on 
^e top of the driving-boxes. 

Stack Gone. — A casting used in the smoke-stack for 
^e purpose of retarding the passage of the sparks as they 
escape from the furnace to the open air. 

Steam Chests. — Boxes on the top of the cjrlinden 
containing the slide-valves, from which the steam is ad- 
mitted to the cylinders. 

Steam Oange. — A gauge on the back end of the 
boiler, in the cab, to indicate the pressure of steam per 
square inch on the boiler. 

Steam Pipes. — The pipes through which the steam 
passes from the dome to the arch-pipes in the smoke- 
box. 

Stop Cocks. — Cocks on the water-pipes between the 
tender and pumps. 

Stop Valves. — Valves used for different purposes in 
connection with the locomotive. 

Straps. — The pieces that secure the brasses on the 
cross-head pins and wrists of the main drivers. 

Stroke. — Half the distance travelled by the pistons 
at each revolution of the main drivers. 

Stub Ends. — The ends of the main rods that butt 
against the boxes on the cross-heads and wrist-pins. 

Stuffing Boxes. — Chambers in the back head of the 
cylinders and steam-chests, through which the piston- 
rods and valve-rods move. 

Supply Ports. — Openings in the steam-chests throngli 
which the steam enters from the arch-pipes. 
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Swing Bolster. — A swinging bolster in the centre of 
tlie truck, on which the forward end of the engine rests, 
and which allows the locomotive to round sharp curves 
with ease. 

Tender. — A camti^e attached to the back end of the 
locomotive, for the purpose of carrying water and fuel. 
-' Thimble. — An iron ring or bushing used for stopping 
leaks in the tubes of locomotive boilers. 

Throttle Leyer. — The lever by which the throttle- 
valve is opened and closed. 

Throttle Pipe. — A vertical pipe having its lower end 
connected to the steam-pipe, and its upper end sustiainod 
by braces in the dome. 

Throttle Valve. — A balance valve in the throttle- 
pipe, through which the steam is admitted to the steam- 
pipe. 

Tires. — Wrought-iron or steel bands surrounding the 
driving-wheels of locomotives. 

Trailing Wheels. — A pair of small wheels placed 
behind the drivers in cases where but one pair of driving- 
wheels is used. 

Truck. — The frame, wheels, and springs on which 
the front of the locomotive rests. 

Truss Hods. — Braces u6ed for strengthening the 
truck. 

Tubes. — The iron or copper flues through which the 
imoke escapes from the furnace to the smoke-box. 

Tube Sheets. — The sheets in which the tubes are in- 
serted. 

Valyes. — See Sude and Stop Valves. 

Valve Yokes. — Wrought-iron bands surrouoding the 
valves in the steam-chests, to which the valve-rods are 
tached. 
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Variables E^aiuit. — An arrangement by wbich \ht 
opening in the exhaust nozzles can be contracted for 
the purpose of exciting the draft in the furnace. 

Waist. — The cylindrical part of a locomotive boiler 

Waist Sheet. — A sheet of wrought-iron bolted to 
the waist of the boiler by angle iron, to which the guide* 
braces, guide-bearers, and cross-ties are attached. 

Water Tubes. — Horizontal tubes used as grate-bars 
in the furnaces of anthracite coal burners. 

Water Tables. — A hollow table or apron riveted to 
the front end of the furnace and communicating with 
the water space, for the purpose of changing the current 
of the air and gases, and rendering the fuel more com- 
bustible. 

Wheel Covers. — ^A covering on the drivers and truck* 
wheels to prevent the machinery from being injured by 
the mud and sand. 

Whistle. — A bell or gong used to give warning and 
indicate the approach of the locomotive. 

Whistle Lever. — A lever attached to the wldstU- 
base, to open the whistle-valYei. 
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M&UuU motion, 264. 
Aeetierated moMon, 284. 
wi o ggtoroHon, 260. 
AoddentSf rules to be followed in 

case of; 285. 
JLdAMton, 280. 

and fiifll, mixture of, 6S. 
expansion of, etc., table shofr- 

Ing, 87. 
pressure of, 84, 85. 
resistance to motion caused by, 
88. 
Angle of fMctlon, 260. 
AnguUtr motion, 264. 
Animal strength, 260. 
Anthracite coal, 66. 
Areas of circles, tables of; 247, 248, 

267, 271. 
Aeh^patiSf 216. 
Atomic or molecular force of heat, 

59. 
Attraction, 261. 
Axles, 260. 

driylng, brasses for, 159. 

Balanced Rlide-valve, 145. 
Batdtvin anthracite coal -burning 

locoinotive, 100. 
Bltt&ntifiaus coal, 70. 
Boiler flues, rule for finding safe 

exteruai pressure on, 185. 
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Boiler pressures, tables of, 188^191 
Boilers and boiler materials, defi- 
nitions as applied to, 186. 

incrustation in, 272. 

rule for finding safe working 
pressure of, 183. 

locomotive, 163. 

locomotive, evaporative power 
of; 170. 

locomotive, heating surface in, 
172. 

locomotive, heating surface to 
grate surface in, 174. 

locomotive, instructions for care 
and management of, 222. 

locomotive, machine and hand- 
riveting for, 179. 

locomotive, prcportions of, 167. 

locomotive, rale for finding 
heating surflu:e In, 174. 

locomotive, rule for finding 
heating surface in tubes of, 176. 

locomotive, steam room in, 172. 

locomotive, straiglit, 162, 176. 

locomotive, wagon-top, 1G7, 168 

locomotive, water space in, 172. 

stationary, 175. 

stcol, rule for finding safe work- 
ing pressure of, 184. 
Boilinff point of water, 29, 
Brasses for driving-axles, 150, 



Bridges, 133. 
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latent, EI. 
ndiHtion of, SL 
ni1I«UDa oC M. 



Oar«ur9 tl » d bydrogan, T7 
Oatl-irBH, tnble ahowlug 

jtreDElbof, as7. 
CaiUps al gmTlt;, 202. 

of okUUUou, Ui. 

of peRimiou, 26(L 
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of ftad la locomotiTB ftanm^ 



CiiffHot'ii locomotlio, IBS. 
I Ci/UnOo', menmrnUan o(ltt 



2hinj1>rM puHnger iDcooMtlnk* 
tiul eqaKiUcDt^ tabit o^Mt 

lulM- of dnJa, MUa gCM, 



of heat, . 



pniled bj produc 

CUrof4V dUmet«n. drcumfflrencet, 
led artsa nf, -ilT. 
mens iL rational; 212. 
(Hrruiiiferencrt of did 

of, 347, 'MS. 
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live, 288, 



aDthrBclt«, composition of dlf- 

f«r«ia1iiriil»iir,i>4j. 
uthnclte, evaporatlie effi- 

dencj gf. 6S. 
uithracllD, qiuntlty of mlr re- 
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compodtlop oI;M. 



lfiigUiotlS7. 

podtloDi uC on .ban. fiiraik 
Bnd, IS7. 
lirrentria, 1 114, 
Eliiilir. fluids and npoi^ 4a 
irirutipKj/plSfi 
£lniitieit}i vt ileun. M. 
Wlniipownortli^M. 

K«pln«, itatlotuf , Ml 
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E9%t iw UeHt, dyiiainic, of h<Mt, 68. 

mechanical, of heat, 56. 
tBquUfolenta, decimal, table o(^ 245. 
Ehfana*, Oliver, locomotive, 251 
KfmporaHon of water, 27. 

why produces cold, 52. 
MmhaHst-no»zi€, 216. 
Maaktnut'ports, rule to find area 

o^ 117. 
MKpansian, power of, by heat, 58. 
MbBperimefU& on iron boiler- 

platea (tables), 255, 256. 
JBatpioHons, boiler, 278. 

SktMie narrow-gauge locomotiye, 
186. 

Flted-'pump ram, rule to find di> 
ameter of^ 117. 

Wire, 74. 

tU'e-boaees, materials for, 1^ 
propoi tions of, 198. 

W%renteH on locomotiyes, 224 
on locomotives, natural qualifi- 
cations of, 227. 

F%ring,'/2&. 

Vtaeed temperatures, 47. 

V^MCB, boilet, rule to find safe ex- 
ternal pressure on, 185. 

Eiuids, conditions of equilibrium 

of; 50. 

elastic, 49. 
i?br00^ 261. 

central or centrifugal, 261. 

centripetal, 261. 

of heat, molecular or atomic, 59. 
jn^reeSf central and mechanical, 

260. 
Womey's improved tank locomo- 
tive, 125. 
WrtcHon, 261. 

angle of, 260. 
^iel and air, mixture of; 65. 



Wuei, combustion of; In looomotlTe 
fUmaces, 210. 
ingredients of, 65. 
unbumt waste of; 78. 
JFWmcMe* in locomotive boilen, 
192. 
stayed surfaces in, strength of 
199. 

€fa», defiant, 78. 
Qaaes, 76. 

compression and dilatation o4 
79. 

gravity acts on, 49. 

liquefaction of, 79. 

specific gravity of; 80. 
Giffard'a injector, 232. 
Gradients, table of, 105. 
OrtUe-bars, 216. 
ehravUy, 262. 

centre of, 262. 

specific, 265. 

specific, of different seaa, ML 

specific, of ice, 30. 

specific, of water, 26, 8L 
Oyration, 262. 

Heiit, 52, 81. 

communication of, 69. 
dynamic equivalent of, 58. 
effects of, in circulation of watei 

in boilers, 60. 
effects of upon different bodies, 

61. 
latent, 55. 

latent, of variou>" substances, 6i . 
mechanical equivalent of, ML 
mechanical theory of, 57. 
medium, 61. 

molecular or atomic force of, 69. 
power of expansion by, 58. 
sensible, 56. 



S90 



INDEX. 



■pecific, 53. 

total or actual, 59 

transmission of, 61. 

unit of, 54. 
tiorae'power, actual or net, 98. 

Indicated, 98. 

nominal, 98. 

of stationary engines. 99. 

of steam-engines, 99. 
MydroearbfttMf 65. 
HydrodynatnieSf /i62. 
Hydrogen, 77. 

carburetted, 77. 
Hyperbolie logarithms, 268. 

Zee, latent heat of, 27. 
specific gravity of, 30. 

In^»ehM, 263. 

Inclined plane, 268. 

XncrtMtation of steam-boilers,272. 

Indieaiar, the, 263. 

Indicators, speed, 161. 

Inertia, 262. 

Injector, action of the, 231. 
accumulation of power, 232. 
Bue's " Little Giant," 230. 
how to put on, 233. 
method of working, 234. 
table of capacities, 287. 

Injectors, table of capacities o(^ 235 

Instruetiona for care and man- 
agement of locomotive boil- 
ers, 222. 

** IronHdes," locomotive. 291. 

Lap of valve, 144. 

and lead, table showing amount 
of; 146. 
Latent caloric, 52. 
heat, 55. 

heat of water or ioe, 37. 
wl motion, IdOl, 



Lateral pressure of water, ; 
Leeid of valve, 145. 
Link, the, 147. 

adjustment of the, 102. 
Idquefaetion of gases, 7& 
Load, safe, 186. 
Loeonu>tive, the, 17. 

adhesive power of the, lOl. 

age oi; 130. 

average proportion of dUftv^Bl 

parts of, 117. 
Baldwin anthracite coal-bani^ 

ing, 100. 
building, 117. 

** Charles MiUard" exploded, S7I 
construction of; 118. 
Cugnot's, 158. 
cut of; 16. 

Danforth passenger, 4& 
dead weight in, 126. 
<' De Witt Clinton," the, 288^ 
eight-wheel passenger, 62. 
Evans', Oliver, 254. 
fireight anthracite coal-buiA* 

ing, 98. 
heavy, 131. 
** Ironsides," 291. 
Murdock's, 212. 
narrow-gauge, Fairlie, 188. 
number of, in the United Stateii 

130. 
number of miles run by, '80i 
power of; 101. 
proportions of, 107-llS. 
rule for calculating tractivt 

power of, 102. 
rule for finding area of exhaust* 

ports of, 117. 
rule for finding diameter of 

crank-pin of; 117. 
rule br finding diameter of 

feedpump ram of; 117 
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LaeotnoHve, rule for ftndir<c di- 
ameter of piston-rod of, 117. 

role for finding diameter of 
steam-pipe of^ 117. 

rule for finding liorse-power of, 
102. 

rule for finding power of, 106. 

rule for finding size of staam- 
ports for, 117. 

setting the valves of, 121. 

StephensoL's, George, 277. 

theory of the, 24. 

tractive force of, 101. 

tractive power of^ rules for cal- 
culating, 102. 
JjogarithfiM, 26^ 

hyperbolic, 2(Ul. 

Meehanieal equivalent of heat, 52. 

power, 263. 

properties of vapor, 80. 

theory of heat, 67. 
Menmrati&n of the circle, cyl- 
inder, sphere, etc, 242. 
Mercury, expaoHion of, 46. 

properties of, 43. 
Molecular or atomic force of heat, 

59. 
Momentum, 1264. 
Motion, 204. 

absolute, 264. 

accelerated, 264. 

angular, 2G4. 

compound, 264. 

lateral, 160. 

natural, 264 

perpetual, 265. 

relative, 264. 

retarded, 264. 

UDiform, 264. 
Movers, prime, 265 
Murdoch's locomotive. 213 



y«itrrouf»0auffe locomotive, Falv* 

Ue, 136. 
Natural motion, 264. 
Nitrogen, 78. 
Nozzle, exhaust, 216. 
Number of miles of railroad in th« 
world in 1873, 298. 

Olefiant gas, 78. 

Backing for pistons and vml«^ 
rods, 156. 
metallic, 157. 
piston-rod, rule to find sise ot^ 

158. 
spring cylinder, setting out, 

155. 
steam and spring cylinder, 154. 
valve-rod, rule to find size ol^ 
158. 
Pendulum, 265. 
Fereueeittn, 265. 
Perpetual motion, 265. 
Pettic«Htt»pipe, 216. 
Piet€>n'rod, rule to find diametef 

of, 117. 
Plane, inclined, 263. 
Pneumatics, 265. 
Power, 263. 

mechanical, 263. 
of expansion by heat, 58. 
of locomotive, rule for finding, 
106. 
Pressure of air, 34, 35. 

safe working, 186. 
Prim>e movers, 265. 

Rfidiation of caloric, 61. 
Mallroad, number of miles o<^ in 

the world in 1873, 298. 
trains, resistance of air agairet 

38. 
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RmUroad trains, resifltaiiee of air 

against, table showing^ 40. 
BaUroads, speed on, 181. 
RefieeHon of caloric, 5L 
ReiaHve motion, 264. 
Resistance to motion caiued by 

the air, 38. • 
Beiarded motion, 264. 
« Boeket," the locomotiTe, 277. 
Hods, eccentric, 136 ; length o(^ 187. 
Rue's "LitUe Giant" ii^ector, 280-8. 
Rule to find area of exhaust- 
ports, 117. 
to find diameter of crank-pin, 

117. 
to find diameter of feed-pump 

ram, 117. 
to find diameter of i^ston-rod, 

117. 
to find diameter of steam-pipe, 

117. 
to find elasticity of steel springs, 

252. 
to find heating surface in loco- 
motive boilers, 174. 
to find heating surfieu^ in sta- 
tionary boilers, 175. 
to find heating surfeuM in tubes 

of locomotive boilers, 175. 
to find horse-power of locomo- 
tives, 102. 
to find power of locomotives, 

106 
to find quantity, height, etc, 
of water in steam-boilers, 
250. 
lo find safe external pressure on 

boiler flues, 185. 
to find safe working pressure 

of steel boilers, 184. 
to find size of piston-rod pack- 



JBmI0 to find alae of ■teim<}'«H 
117. 
to find aixe of TalTo-iod ptddift 

158. 
to find tractlTe power of \mi> 
motives, 102. 
Rules to be followed in case of ib* 
cidents,286. 

Safety-valves, 217. 

table showing rise of^ uito 
different pressures, 220. 
5ealci«,287. 

Seatns, boiler, punched and driM 
holes for, 176. 

single and double riveted, 17& 

single and doable riveted, «» 
parative strength oi!^ 180. 
Sensibie caloric, 82. 

heat, 66. 
8igwas,7a». 
8Ude-vaMve, 188. 

balanced, 145. 

firiction on, 148L 
SfnoJke-froas> 218. 
Smoke-stacks, 214. 
Specific gravity, 260L 

gravity of ice, 80. 

gravity of gases, 8Ql 

gravity of water, 38^ tL 

heat, 53. 
Speed indicators, 161. 
Sphere^ mensuration ot, ML 
Spontaneous combustion, It. 
Springs, stoel. niles for fillip 

elasticity ot, 282. 
Stay-bolts, 201. 
Stationary engines, 98. 
Steam, 80. 

elasticity of; 82. 

mechanical properties sCii^ 
pressure o£ 8& 
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sapeilieated, ^ 

temperature of, 86. 
Steam-engines, horse power of^M. 

power of, 96. 
Mteam^auffee, 221. 
Steam-pipe, rule to find diameter 

of; 117. 

Steatn»poH8, 132. 

rule to fiad size of; 117. 
Meel, 195. 

plates, table showing tensile 
strength of; 269. 
Stephenson's, Geo., lacomotiTe, 

277. 
Strength, 2IB». 

animal, 260. 

crusliing, 261. 

detnudve, 261. 

tensile, 186. 

torsional, 266. 

transverse, 266. 

working, 186. 

WkMe containing diameters, cir- 

cumferenoes, and areas of 

circles, 267, 27L 
deducted frma experiments on 

boUer plates, 255, 256. 
of areas of external surf^bces and 
diameters of tubes, 207-209. 
of boiler pressores, 188, 191. 
of capacities of injectors, 235. 
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INTRODUCTION. 



^HE object of the writer In preparing these worke hM 

^1 been to present to the practical engineer a set of 
books to which he can refer with confidence for 
information regarding every branch of his profession. 
Up to the date of the publication of theiSe books, it was 
impossible to find a plain and practical treatise on the 
steam-engine. This arose, perhaps, from the fact that 
men who had attained proficiency in steam-engineer- 
ing had no taste for devoting their limited leisure time 
to writing, and that those whose circumstances enabled 
them to do so, were precluded from a want of that 
practical knowledge which is only obtained by years 
of hard work and close observation. Many of the 
books heretofore written on the steam-engine are full 
of formulae for calculating questions that may arise in 
the engine-room ; but, as they are generally expressed 
in algebraical form, they are of little service to the 
majority of engineers ; for, however useful such for- 
mulae may be to the scientific, they can be of no prac- 
tical value to men who do not fully understand them. 
It is also no less a fact, that nearly all writers on the 
iteam-engine deal more with the past than the present. 
This is to be regretted, for, however interesting the by- 
gone records of steam-engineering may be as a history. 
they cannot instruct the engineer of the present day 
in the principles and practice of his profession. 
An experience of over thirty years, Yfillci a\\VLV(\^<& <A 
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engines and boilers, enables the writer to folly under- 
stand the kind of information most needed hymen 
having cliarge of steam-engines of every description, 
and wliat tliey could comprehend and employ. With 
this object in view, he has carefully investigated all 
the details of stationary, locomotive, fire, and marine 
engines, taking up each subject singly, and excluding 
therefrom everything not directly connected with 
steam-onginecring. Particular attention has been 
given to the hitest improvements in all these classes 
of engines, and their proportioning according to the 
best modern practice, which will be of immense value 
to engineers, as nothing of the kind has heretofore 
boon published. They also contain ample instruc- 
tions for sotting up, lining, reversing, and setting the 
vnlvoa of all classes of engines — subjects that have 
not roi'oivod that attention from other writers on the 
stoani-engine which their importance so justly merits. 
A certain portion of each book is devoted to an exam- 
ination and discussion of the principles of Hydro- and 
Thcrnio-Dynamics, which include Air, Water, Heat, 
Combustion, Steam, Liquefaction, Dilatation of Grases, 
Molecular and Atomic Forces, Dynamic Equivalents, 
subjects with which the practical engineer should be 
fully conversant; as to ignore the principles of any 
subject is similar to building a structure without 
knowing the strength of the foundation ; for it is only 
by a minute and careful analysis of the physical 
phenomena which convert heat into a motor force 
that the steam-engine has been brought to its present 
perfection. 

S.B. 
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THE author of this hand-book says, in his preface, that 
his object in preparing it, " has been to present to the 
practical inquirer a book to which he can refer with confi- 
dence for information in r^ard to every branch of his pro- 
fession." 

Rules and directions expressed in algebraic formulse are 
of little service to the majority of engineers, because they 
are not fully understood. The author, keeping this in mind, 
has avoided most of the points which render many of our 
hand-books of limited value to the practical man. He has 
had a long and extensive practical experience among the men 
for whom he writes, and understanding their wants, has pro- 
duced a book which seems admirably adapted to those who 
have anything to do, in a practical way, with steam ma- 
chinery. We have given the work a careful examination, 
and consider it one of the most satisfactory works of the kind 
we have ever seen. Mr. Roper thoroughly understands his 
subject, being entirely practical, and, at the same time, hav- 
ing a correct understanding of scientific principles. His 
chapters on the theory of steam engineering are so siniple 
and practical that there is no mechanic in the country, how- 
ever ignorant he may be of higher mathematics, who cannot 
learn all they are intended to teach. His practical directions 
for the management of engines are just such as we should 
expect from an experienced engineer who had spent all his 
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life in an engine-room, but who had learned the theory as 
well as the practice of his trade. They are plain and to the 
point, and the reader may accept them with an entire confi- 
dence. His descriptions of engines, pumps, and the appli- 
ances connected with engines, are exceedingly satisfactory, 
as are also his rules, which seem to be the best and simplest 
which could be formulated. The book has an abundance of 
tabular information, which seems to include all the tables 
that could be of any use. The engravings are good, and are 
just what is wanted to explain the text. In a word, the 
amount and kind of information contained in this work seems 
to be all that could be desired. The owner of a steam-engine 
cannot well do without it, and no one who rnn/a an engine 
should be ignorant of any part of its contents. 
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Scientific Americaiii Htm York. 

The author of this work yery truly beUeves that in a book, 
as in a clock, any complication of its machinery has a tendengy 
to impair its usefdlness and affect its reliability. Hence, in pro* 
paring a buck which is intended to be a guide for the praetleal 
locomotive engineer, he avoids "mathematical jHroblems and 
entangling formulae," and offers a pocket volume, full of in- 
formation, theoretical as well as practical, suodnotly and deaily 
condensed. There are chapters on heat, combustion, water, air, 
gases and steam ; others on the construction of the locomotive 
and of its varipus parts, entered into with considerable details; 
instnictions for the care and management of boilers and engiasi^ 
tables of strength of materials, and useful practical hints toi 
the guidance of the engineer. In brief, the volume is, as its 
name indicates, a hand-book to which the locomotive medhanie 
can turn for information regarding almost every branch of his 
trade. It is neatly illustrated and bound in morocoo, in oonv» 
nieut pocket-book form. 

North Amerlctn and United Statst GizettSi Phlla. 

Mr. Eoper asserts as & prelliuinary qualification for hia task, 
that he has bad more than thirty years' experience witti all 
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BOPEB'B HAKB-BOOK OF THB LOOOMOTIVB. 

tilftiiflfin of steam-engines and boilers. The object of the work i» 
lo convey practical knowledge of all that appertains to the loco> 
motiye engine and boiler, in a practical manner. Stationary 
and marine engines are omitted, because other treatises fdrnisb 
all that need be known of them. Mr. Boper seems to kno« 
naUly what the class for whom he writes require, and ^ hat they 
9an comprehend and employ. His opinion, as expressed in his 
work, is the highest compliment eyer paid to those in question. 
and to the railways of this conntry, by which this skill has been 
created and is sustained and promoted. The mechanical and 
dynamical equivalents of heat and its molecular force are treated 
in a dear and lucid manner. Chemical equivalents, the lique- 
fiiction and dilatation of gases, superheated steam, tractive and 
evaporative power, combustion, mensuration, incrustation, and 
■imilar subjects are discussed. The strictly mechanical infor- 
mation is fully and lucidly set forth, to an extent that would 
gain a degree in any of our schools. But beyond the rudi* 
ments, and beyond their combinations and applications, there 
ia the pervading idea that the American engineer aims to know 
the e£fect by its cause — seeks philosophical knowledge as a part 
of his employment, and not only seeks, but, af a whole, has maa- 
tered so much that he deserves a standard in pure science very 
few have supposed. No higher compliment could be paid, and 
it could be paid nowhere else. The treatise apparently omiti 
nothing, expresses clearly though compactly, farnishes tables, 
and is a fine tribute to the practical ability of the country. II 
contains suitable illustrations, and is appropriately | refaced witk 
ft portrait of li. W. Baldwin. 
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From the North American and United States Gazette. 
A Catechism of High-Pressure Steam Bn* 
gines, by Stephen Boper. Mr. Boper« himself 
a practical engineer, has undertaken to furnish his 
fellow-engineers with the information experience hau 
shown him to be most valuable. A number of tables 
of constant utility are furnished, and many rules and 
much practical advice. The work is plain rather than 
scientific in its language, and, claiming to be the only 
one expressly calculated for engineem, cannot fail to 
find quick demand and be of great value. . 

From the Scientific American. 
A Catechism of High-Pressure or Non-Con- 
densing Steam Engines, by Stephen Roper, En- 
gineer. This is a valuable book on the steam engine. 
It contains much needed &:eneral information for en- 
gineers, as well as a description of many American 
improvements and specialties in steam engineering 
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This Book treats on every branch of 

Steam Engineering 



AND 



Steam-Engines of Every Description 

In use at the present day, — 

CONDENSING, NON-CONDENSING, 
SIMPLE, AND COMPOUND, 



for Whatever Purpose Employed, 

whether for 

Engineering, Mannfactnring, Pomplng, Loeo' 
motion, Mining, Hoisting, or Propulsion^ 

AND IS MORB FULLY ILLUSTRATED THAN 
ANT OTHER WORK EVER HERETOFORE 
PUBLISHED ON THE SAME SUBJECT. 



OPINIONS OF THE PRESS 

ON 

Roper's Engineers Handy- Book. 



The Manufacturer and Builder, New York. 

Aw Engineer's Handy-Book. — Mr. Roper, the writer 
of this work, ifl well known to many of our readers as the 
author of a number of useful reference books relating to steam- 
engineering, which have become deservedly popular by reason 
of their plain, intelligible style, and their freedom from un- 
necessary and confusing mathematical technicalities. We 
would be glad to see Boper^s hand-books largely multiplied 
and distributed in every workshop, for it is only out of books 
of this kind that the average workman will be able to master 
the principles of his handiwork. 

Millstone, Indianapolis, ind. 

"Th» Engineer's Handy-Book," by Stephen Ropei^ 
Engineer, is a practical treatise on the management of th« 
Bteam-engine. The author says the book was " not written 
for the purpose of instructing engineers how to design oi 
proportion steam-engines or boilers, but rather to inform 
them how to take care of and manage them intelligently.'' 
The declaration is carried out in the plainest and most sya* 
tematic manner. 

As a text-book for students in mechanical engineering, it 
will be found of great value. Its illustrationH &iid \«> 
nuotesr are jzapoiiant features, and printed in exoi^ 
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National Car-Builder, New Yorlc. 
BopER*s ExGonsEB's Handy-Book.— This compact and 
eomprehensive little yolame contains a vast amount of in- 
formation relative to the care and management of every class 
of steam-engines. It is profusely illustrated, and aboandfl 
in factjs figures, rules, tahles, questions and answers, formula^ 
etc^ that are exceedingly valuable to engineers, and of easf 
reference by means of a copious and well-arranged index. 
The various subjects are discussed with brevity and dearness, 
and with lei freedom from technicality which enables the 
reader to get at the pith of the matter without fishing it out 
from an ocean of words. A prominent feature of the book ii 
a full explanation of the steam-engine indicator, and its use 
and advantages to engineers and others. 

Leffers Illustrated News, Springfield, Ohio. 

Engineer's Handt-Book : By Stephen Boper, Engineer. 
— The author of the valuable series of hand-books which we 
have before referred to, has just issued the above-named work, 
which must find ready way into the hands of engineers and 
steam-users throughout the entire land. It contains a fall 
explanation of the steam-engine indicator, its us^ and ad- 
vantages, with formulae for estimating the power of all classes 
of steam-engines ; also facts, figures, questions, and tables for 
engineers who wish to qualify themselves for the United 
States navy, the revenue service, the merchant marine, oi 
the better class of stationary engines. 

The American Engineer, Chicago, III. 

The Engineer*s Handy-Book. — We are in receipt of 

the above work, which contains a description of the varioai 

forms of engines now in use, and supplies interesting and 

osefhl information as to the care, management, and ranedy 

fects of steam machinery and its appendages, with taUfli 

"isti^g the power of ^gmea. 
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Amerioan Maohinitt, New York. 

Bopeb's Ekgineeb's Handy-Book.— The subjects in 

this work have been treated in a brief and comprehensive 

way, therefore the reader is not required to read a number 

of chapters in order to acquire a little knowledge. The use 

of the indicator is treated in a plain, practical way, so thai 

it may be readily understood. Abstruse formulas have been 

omitted and simple arithmetic used, thus avoiding the usual 

vexations among practical men who are uneducated in the 

higher mathematics. The author has in this book' given the 

lesults of his own practical experience, which exten Js over 

a period of thirty years and upwards, and the work will 

doubtless be read with pleasure and profit by very many 

practical mechanics. 

Engineering News, New York. 

An " Enoine£B*s Handy-Book." — As a writi^r on subjects 
relating to steam and steam-engineering, Mr. Roper is now 
too well known to need any further introduction. In this, 
his latest contribution to steam-engineering literature, Mr. 
Roper has aimed to present to his brother engineers a " handy 
book" that will be to them what Trautwine's ** Pocket-Book " 
is to civil engineers, and in doing this he has spared no labor 
m collecting and editing his materials. Some idea of the 
eompleteness of the work may be gathered from the state- 
ment of the publishers that it contains nearly 300 main sub- 
jects, 1316 paragraphs, 876 questions and anRwern, 52 sugges- 
tions and instructions, 105 rules, formulae, and examples, 149 
tables^ 164 illustrations, 31 indicator diagrams, and 167 tecb 
■kal terms ; over 3000 different subjects. 

Boston Journal of Commerce. 
Mr. Stephen Bopeb is well known as the author of several 
other bandy-books that treat on steam, steam-boWeT^, «j[tf^ 
•qginew, lids new work is, in our judgment, hia \>eBU 



OFOnOHB OF THS PRESS. 

The Sdentifto Amsricsii, N«w York. 

A WELL made pocket-book of practical information for me* 
e^ fuiicai engineen^ particularly those of limited edncatioo, 
aod floch as may wish to qualify themselves for service in 
the U. S. Navy or the mercantile marine. The more iInpo^ 
tant engines in use are clearly described, and formals are 
given for estimating their power. Particnlar attention ii 
paid to the steam-engine indicator, its use and advantages. 
The author has had much experience in this class of work, 
and writes clearly and plainly. 

The Locomotive, Hartford, Conn. 

Boper's Ekgix£eb's Handt-Book. — This last work of 
Mr. Boper is of special value to all who have to do with 
steam-boilers and engines, and it will be found a vaioaUe 
shop companion for the mechanic There are a great miny 
facts collated that are not easily reached except through ex- 
pensive books and libraries. These will be found of service 
to all classes of men, whether in trade or manu&ctnring. 
We commend it heartily, and believe it will have a large sale. 

Forest, Forge, and Farm, llion, N. Y. 

Engineer's Handy-Book. — We have received a book 
with the above title, by the well-known author and engineer, 
Stephen Boper, who has written a number of works on the 
subject of engineering. The eminent reputation of the 
author is a sufficient guarantee that the book is both inte^ 
esting and useful. Mr. Boper has had an experience of over 
thirty-five years with all kinds of engines and boilers, and 
thoroughly understands locomotive, fire, marine, and statiaB' 
axy engines. 
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Use and Abuse of the Steam-Boilet 



OPINIONS OF THE PRESS. 

Engineering News, Chicago, III. 

Mb. Ropeb is the author of several well-known hand-boob 
relating to the steam-engine, and steam machinery in general 
In this, his latest work, he states that his object is, " simply to 
show what the results of his thirty years' personal experience 
with all classes of boilers prove to be the safest and most dan- 
ble materials for their manufacture ; to show the absolute ne* 
cessity of good workmanship in their construction, and to call 
the attention of owners, engineers, and firemen to the rules that 
limit their usefulness, safety, and longevity/' As in all his 
other hand-books, the writer addresses himself to men of ordi- 
nary intelligence, — those found in charge of steam-engines and 
boilers,— and in consequence his book is written in the plainest 
and most intelligible language that can be chosen. We have not 
the time, nor possibly the necessary amount of practical knowl* 
edge of all the latest improvements in steam-boilers, to criticise 
jlosely and intelligently the contents of the book, but in con- 
nection with it we would call attention to the large number 
of boiler explosions, attended with great loss of life, that have 
recently occurred in this country and in England, and which, 
upon investigation, have been proven to be the results of igno- 
rance and carelessness on the part of attendants ; and we cannot 
but think that steam-users would find it greatly to their advan- 
tage if such plain handy-books as those of Mr. Roper's were 
placed in the hands of every attendant upon a steam-boiler or 
engine, and his attention called to the advantage of xnakiBg 
himself familiar with its contents. 
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cluding the Bunning, Care, and Management of Steam 
Fire-Engines and Fire-Pumps. With Illustrations. By 
Stephen Boper, Engineer. It is the only book of the 

kind ever published in this country, as it contain" *« 
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elaborate description of all Modem Steam Fire-Engbefl, 
Boilers, and Fire-Pamps, and is free from formolae or ultra 
mathematical expressions. Fomrth Edition. 16mo, tuck, 
gilt edge, $3.50. 

Kbper's Engineer's Handy- Book. Containing. a full expla* 
nation of the Steam-Engine Indicator, acd its use and 
advantages to Engineers and Steam Users; with formuk 
for estimating the power of all classes of Steam-Engines; 
also, Facts, Figures, Questions and Tables for Engineeff 
who wish to qualify themselves for the United States 
Navy, the Bevenue Service, the Mercantile Marine, or to 
take charge of the better class of Stationary Steam-En* 
gines. With Illustrations. Fourth Edition, Bevised and 
Enlarged. By Stephen Roper, Engineer. $3.60. 

Roper's Use and Abuse of the Steam-Boiler, inclodiog 
its Care and Management. With Illustrations. This v 
the only book ever published in this country devoted ex* 
clusively to Steam-Boilers. It contains illustrations of all 
the different kinds of Steam-Boilers now in use, whetbei 
Stationary, Locomotive, Fire, or Marine; and also » 
Sectional or Patent Boilers. By Stephen Hopeb, En- 
gineer. Eiglitii Edit on. 18mo, tuck, gilt edge, $2.00. 

Roper's Questions and Answers for Engineers. This little . 
book contains all the Questions that Engineers will be 
asked when undergoing an examination for the purpose 
of procuring a license, -with the answers to the same, 
couched in language so plain that any engineer or firemen 
can in a short time commit them to memory. Price |3.0ft 
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ioper'8 Simple Process for Estimating the Horse-Power i 
Steam-Engines, from Indicator Diagrams, or the work a 
engine was performing at the time the diagi*am was taken 
One of the most important devices ever employed in con* 
nection with the Steam-Engine. 50 cents. 

toper's Instructions and Suggestions for Engineers and 
Firemen. This little book is made up of a series of sug* 
gestions and instructions, tiie result of recent experiments 
and the beet modem practice in the care of Steam-Engines 
and Boilers. It is brimful of just such information as 

9 

persons of limited education having charge of steam ma- 
chinery need. It is written in plain, practical language^ 
devoid of theories or mathematical formulse. $2.00. 

leper's Care and IManagement of the Steam-Boiler. One 

of the most practical works ever published on this subject^ 
as it embraces the following subjects : Care and Manage- 
ment of Steam-Boilers, Horse-Power of Steam-Boilers, 
^pairing Steam-Boilers, Incrustation in Steam-Boilers, 
team-Boiler Explosions, Testing Steam-Boilers, Exter* 
illy and Internally Fired Steam-Boilers, Design of Steam* 
>iler8, Steam-Boiler Materials, Mud-Drums, Steam* 
mes. Cleaning Steam-Boilers, Different Types of Steam* 
lers, Feed-Water Heaters, Fuel, Chimneys (area and 
:ht). Draught, Smoke, Instructions for Firing, Com- 
tive EflSciency of Different Types of Steam-Boilers, 
a great amount of other information of immense 
to owners of Steam-Boilers, Engineers, and Firemen, 
)sed in plain, practical language. $2.00. 
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Roper's Young Engineer's Own Book, oontainiDg 

an explanation of the Principle and Theories 
oa which the Steam-Engine as a Prime Mover 
is based ; with a description of di£ferent kinds of 
Steam-Engines, Condensing and Non-Ck>ndensing, 
Marine, Stationary, Locomotive, Fire, Traction, 
and Portable; together with Instructions how to 
Design, Proportion, Locate, Repair, Reverse, and 
Run all Classes of Steam-Engines, with Tables 
and Formulas for finding their Horse-Power; 
also. Suggestions on the Selections, Care, and 
Management of all Classes of Steam-Engines, 
Boilers, Pumps, Injectors, etc., for the Use •( 
Educational Institutions where students are in- 
tended to engage in Mechanical Pursuits, and 
for the Private Instruction of Youths who show 
an Inclination for Steam-Engineering. With 106 
illustrations. By Stephen Ropeb, Engineer, 
A-uthor of Roper's Practical Hand-Books for 
Engineers and Firemen. Second Revised Edition. 

16 mo., tuck, gilt edge, $3.00. 
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Bilgram.— Slide-Yalve Gears. A new graphical method toi 
AnaljziDg tlie Action of Slide-Valvesy moved by eccentrica, 
link-motion, and cut-ojOf gears. By Hugo Bilobam, M.E; 
16mo, cloth. $1.00. 

Cooper.— A Treatise on the use of Belting for tlie Trans* 
mission of Power. With numerous illustrations of ap> 
proved and actual methods of arranging Main Driving 
and Quarter Twist Belts, and of Belt Fastenings. Exam- 
ples and Rules in great number for exhibiting and calcu 
lating the size and driving power of Belts. Plain, Particu 
lar, and Practical Directions for the Treatment, Care, 
and Management of Belts. Descriptions of many varieties 
of Beltings, together with chapters on the Transmission 
of Power by Bopes; by Iron and Wood Frictional Gear- 
ing ; on the Strength of Belting Leather ; and on the Ex* 
perimental Investigations of Morin, Briggs, and others. 
Second Edition. By John H. Cooper, M.E. 1 vol., 
demy octavo, cloth. $3.50. 

Grimshaw.— Saws. The History, Development, Action, 
Classification, and Comparison of Saws of all kinds. 
With Appendices. Concerning the details of manufacture, 
setting, swaging, gumming, filing, etc. Care and use of 
saws. Tables of gauges. Log measurements. Lists of 
saw patents and other valuable information. Second 
Edition, with Supplement. Profusely Illustrated. By 
Egbert Grimshaw. Quarto, cioth. $4.00. 

Overman.— Mechanics for the Millwright, Engineer, Ma- 
chinist, Civil Engineer, and Architect. By Fredkrecb 
Overman. 12mo, cloth. 150 iliustrationR. $1.50. 



Uiddell.— The Carpenter and Joiner Modernized. Tb>rd 
Edition, revised and corrected, containing new matter of 
interest to the Carpenter, Stair-Builder, Carriage-Builder, 
Cabinet-Maker, Joiner, and Mason; also explaining th< 
stility of the Slide Rule, lucid examples of its accuracy in 
Mlculation, showing it to be indispensable to every work 
man in giving the mensuration of surfaces and solids, the 
division of lines into equal parts, circumferences of circles, 
length of rafters and braces^ board measure, etc. The 
whole illustrated with numerous engraying& By Bobebi 
RiDDELL. 4to, cloth. $7.50. 

ftlddeil.— The New Elements of Hand Railing. Revised 
£dition, containing forty-one plates, thirteen of which are 
now for the first time presented, together with the accom- 
panying letter-press description. The whole giving a 
complete elucidation of the Art of Stair-Building. By 
Robert Riddeix, author of " The Carpenter and Joinei 
Modernized,'^ etc. One volume, folia $7.00. 

Any of the above works will be sent to any part of tbe 
Jnited States or Canada on receipt of list price. 

Send mmey in Registered Letter^ P. 0. Order^ cr Postal NoU» 

EnWABD MBBKS, P^ihlisher, 

No. 1012 Walnut Street. 
PHILADEZrHIA. rA, 
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In order that others may use this book, 
please return it as soon as possible, but 
□ot later than the date due. 



